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Nuclear Spins and Mom.en ts 

Gladys H. ~"!lner* ;,) c I 
Office of Standard Reference Data, National Bureau of Standards, Waskington, D.C. 20234 

! n . C'? 

A summary of nuclear-moment values and an index, arranged by Z and A, is presented. The 
summary value is based on the experimentally determined values of the nuclear moments which 
have been listed in tables according to the techniques used. Each table is preceded by a short 
introduction describing the experimental technique involved and the method of calculating the 
moment from the measured quantities. References are given for all data quoted. The dale for the 
last systematic literature search is included with each table. This tabulation supplements and 
revises the earlier tables which appeared in Nuclear Data Tables, Volume AS, 433-612 (1969). 

Key words: Evaluated data; nuclear electric hexadecapole moments; nuclear electric quadrupole 
moments; nuclear magnetic dipole moments; nuclear magnetic octupole moments; nuclear spins. 
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I. General Introduction 

Measured values of nuclear moments, and of some 
of the auxiliary constants from which moment values 
are derived, are listed in this compilation. Since the 
auxiliary quantities determined by the vanous 
experimental techniques available today are quite 
different from each other. the experimental 
information IS divided into eleven tables, each 
pertaining to a particular method or group of related 
methods. This division makes it possible to include 
information' which is of interest to those concerned 
with a particular technique as well as values of the 
nuclear moments themselves. 

* Guest worker. 

Copyright © 1976 by the U.S. Secretary of Commerce on behalf of the United States. This 
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Table F: 

Table G: 

Table H: 

Table J: 

Table K: 

Nuclear Moments by Atomic and 
Page 

Molecular Beams..................... 901 

Nuclear Moments by Optical 
Spectroscopy... ....................... 936 

Nuclear Moments by Optical 
Double Resonance and Pumping 
Techniques......... ........ ...... ...... 949 

Nuclear Moments by Nuclear 
Orientation, Perturbed Angular 
Correlation and Nuclear Specific 
Heat Measurements... .............. 963 

Nuclear Moments by Coulomb 
Excitation Reorientation and 
Other Techniques .................... 1004 

6. References ............................................ 1016 

Detailed descriptions of many of the methods have 
been presented by Ram-sey [53Ra34]t, Nierenberg 
[57Ni25]. Kopfermann [58Ko90], Laukien [58La04], 
Townes [58T034], Cohen [59C083], and by several 
authors in Methods of Experimental Physics, Volume 
5, Nuclear Physics, Part B, edited by Yuan and Wu 
[63Yu02] and in Hyperfine Interactions, edited by 
Freeman and Frankel [67Frl5]. Brief introductions 
outlining the particular techniques are given with the 
individual tables. 

In all tables, the values of the magnetic moments 
have been adjusted to a standard value of the 
magnetic moment of the proton by the compilers 
using the experimentally determined quantities and 

:I: Alpha-numeric cudes in brackets indicate literalUre references, Ihe first two digits repre

senting the year of publication. the letters representing the author. 
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836 GLADYS H. FULLER 

adopted standard values of IJ- p and frequency ratios. 
An extensive discussion of the evaluation of the 
fundamental constants is given by Taylor, Parker, 
and Langenberg [69TaPa]. The most recent 
adjustment of the fundamental constants appears in 
Cohen and Taylor [73CoTa]. 

The Sum mary of Nuclear Moment Values and 
Index presents a list of the nuclear moments for all 
nuclei for which measurements have been made and 
serves as an index to the specific tables in which 
more detailed information will be found. 

In preparation of the tables, all data aV,ailable up to 
the cutoff date listed in each table were reviewed. 
Unless important for the determination of the sign of 
a moment. older values have been omitted when 
superseded by more accurate results. 

The abbreviations used and policies adopted 
concerning signs, standards, uncertainties, standard 
values. and corrections are explained in tabular style 
on the following pages. 
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2. Policies 

Level Energies 

Half-lives 

Signs 

Uncertainties 

[ ] 

Energies, given to identify the levels for which moment information is presented, are taken 
from the Nuclear Data Sheets (through Volume B5) or Table of Isotopes [67LeHo]. 

Half-lives which are given to identify the levels and which, in the case of Table J, are used 
to compute /-A- from values of WT, have been taken from Marelius [68Ma49], Nuclear Data 
Sheets (through Volume BS), Table of Isotopes [67LeHo], or the author (in that order). 

The sign of the nuclear moment given is that actually measured by the experimenter. When 
the sign cannot be determined, ":t" appears before the value. 

Uncertainties quoted for the measured quantities are those given by the experimenter. The 
uncertainty in the last figure of a number is printed in italics immediately after the number. 
For example, 0.745 25 means 0.745 :to.025. 

Brackets enclose values of the nuclear spins for which there are no spectroscopic or 
resonance measurements but which are assumed in order to calculate magnetic moments 
from g-values. They have also been used to indicate the model-dependent values of Q. n, 
and Q4 which are obtained by electron scattering. 

J. Phys, Chern, Ref, Data, Vol. 5, No, 4,1976 
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corrections 
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Parentheses enclose values measured by someone other than the author quoted. 

Measured zero-spin values for even-even nuclei have been included in the tables. 
Experiments which gave rise to the now-accepted concept of zero spin for all even-even 
nuclei can be divided into two groups. The first group proves that the spins of several such 

nuclei are definitely zero by the absence of alternating intensities in the observed spectra of 
homonuclear diatomic molecules. The second group, which can only give an upper limit on 

the interaction constants when no hyperfine splitting is observed, indicates either that the 

spin is zero or that /-t (or Q) is very small. The spin values of zero determined by this second 
group of °experiments are marked by ..... after the value. 

/-tp=2.792776 31nm. This result is obtained by averaging the values given by the experiments 
of [5lJelO, 51S034, 55C036, and 56Trl9] which yield /-t directly in nuclear magnetons. This 
leads to a value of /-t' P' not corrected for atomic diamagnetism, of 2.79270 3 which has been 
used throughout in the calculation of moments measured relative to that of the proton in 
samples of water. The uncertainties in the calculated magnetic moments do not include any 
uncertainty in the value of /-t' p. 

')Ip[in rados-1·T-1]X(1.043953 1O)XlO-8 =/-tp[in nm] 

/-tp[in Bohr magnetons]X(l836.109 11)=/-tp[in nm] 
See [69TaPa]. 

Standard frequency ratios, v(A)/vp. which were used to calculate values of the magnetic 
moments from relative measurements, are given below. With the exception of the optical 
pumping (OP) measurement for 199Hg, these ratios were determined by nuclear magnetic 
resonance (NMR). 

2H 0.15350609t 2 .sSc 0.24291623 10 
7Li 0.38863618t 8 50V 0.0997015:j: 10 
liB 0.3208377:j: 2 sSMn 0.24789167 6 
14N 0.07226261 1 73Ge 0.03488401 14 
23 Na 0.26451775t 7 85Rb 0.096552095:j: 54 
27 Al 0.26056752 7 1271 0.2000S0:j: 14 
3sCI 0.09797858 5 I99Hg 0.178788 15 (NMR) 
39K 0.0466636:j: 7 0.1782706 3 (OP) 
41K 0.02561295 12 

tFrom a least squares adjustment of the g-factors for 2H, 7Li, and 23Na with gp=5.58540 
fixed. 

:j:Weighted average. 

All magnetic moments are given with the diamagnetic correction, u, applied. To obtain the 
corrected g- or /-t -value, the uncorrected value was multiplied by the factor, (l-u)i)L listed 
in the table below for that element. These values, which are taken from Kopfermann [5SK090] 
p450, are based on calculations of Dickinson l50DilOj. The uncertainty in the value of the 
added correction is assumed to be 5%. New calculations, using Hartree-Fock relativistic 
electron wave functions, show that the earlier values of U are too small. Diamagnetic 
correction factors for some closed shell and closed sub-shell ions can be found in Feiock and 
Johnson [68Fe05]. Average correction factors for neutral atoms have been calculated by Lin, 
Johnson and Feiock [72JoI8]. These values include the contribution of the closed-shell core 
of the atoms and an average shielding factor for the valence electrons in the ground state 
configuration. This average is made over the ground state multiplet assigning statistical 
weights to the subshells. The diamagnetic correction factors do not include possible large 
contributions for individual valence electrons. In view of these better, unpublished values, 
which were received after most of the moments had been reevaluated, values of (l-u);:h 

based on the average neutral-atom diamagnetic correction factors of Lin, Johnson and Feiock 

[72J 018] are included in the table below. 

J. Phys. Chem. Refo Data, Vol..5, No.4, 1976 
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838 GLADYS H. FULLER 

Table of Diamagnetic Correction Factors 

(l-u)~~ (l-u)~;F (l-u)~~ (l-U)~~F (l-u)~i (l-u)i:;, (1-u)~~ (l-u)Li, 

IH 1.0000278t 1.00001775t 2.Mn 1.00191 1.002077 4910 1.00493 1.005994 ,.W 1.00877 1.01340 

zHe 1.000060 1.00005994 u,Fe 1.00202 1.002203 5<)Sn 1.00506 1.006203 ,sRe 1.00893 1.01382 

.Li 1.000101 1.0001048 .,Co 1.00214 1.002332 S1 Sb 1.00520 1.006419 ,.0. 1.00909 1.01426 

.Be 1.000149 1.0001531 .. Ni 1.00226 1.002468 52Te 1.00534 1.006639 nIT 1.00925 1.01471 

58 1.000199 1.0002068 .. Cu 1.00238 1.002611 531 1.00548 1.006861 
7.PI 1.00942 1.01519 

.C 1.000261 1.0002672 3IIZn 1.00250 1.002749 .. Xe 1.00562 1.007092 ,.Au 1.00958 1.01567 

7N 1.000325 1.0003332 31Ga 1.00262 1.002888 ssC. 1.00576 1.007325 .. Hg 1.00974 1.01612 

80 1.000395 1.0004059 •• Ge 1.00274 1.003031 .. Ba 1.00590 1.007563 
BITI 1.00992 1.01663 

57 La 1.00606 1.007810 
.F 1.000464 1.0004844 3JAs 1.00286 1.003177 .. Pb 1.01008 1.01717 

seCe 1.00620 1.008075 
,oNe 1.000547 1.0005693 ",Se 1.00297 1.003327 .. Bi 1.0102 1.01772 

IlNa 1.000629 1.0006495 !SBr 1.00309 1.003479 59Pr 1.00635 1.008341 
MPO 1.0104 1.01829 

I.Mg 1.000710 1.0007322 ""Kr 1.00322 1.003635 60Nd 1.00651 1.008615 
.. At 1.0106 1.01889 

.. AI 1.000795 1.0008172 3,Rh 1.00334 1.003790 6l Pm 1.00666 1.008897 
.. Rn 1.0107 1.01952 

1.Si 1.000881 1.0009056 .. Sr 1.00346 1.003950 .2Sm 1.00683 1.009188 
81Fr 1.0109 1.02016 

!SP 1.000970 1.0009975 l.Y 1.00359 1. 004 ll4 .. Eu 1.00698 1.009487 
.. Ra 1.0111 1.02082 

'oS 1.00106 1.001093 ."Zr 1.00372 1.004282 .. Gd 1.00714 1.009789 
.. Ac 1.01l2 1.02151 

"CI 1.00115 1.001191 41Nh 1.00385 1.004456 65Th 1.00729 l. 01 0094 
90Th 1.0114 1.02224 

.. Dy 1.00746 1.01043 
loA 1.00124 1.001294 

'2Mo 1.00398 1.004633 
'7Ho 1.00762 1.01076 91 Pa 1.0116 1.0229t 

19K 1.00133 1.001394 .. Tc 1.00413 1.004815 .. Er 1.00778 1.01l1O .. U l.Oll7 1.0236* 

wea 1.00142 1.001495 .. Ru 1.00427 1.005000 .. Tm 1.00794 1.01l46 9.Np 1.0119:1: 1.0244:1: 

2l Sc l.00151 1.001602 ... Rh 1.00440 1.005194 
70Yb 1.00810 1.01183 .. Pu 1.012lt 1.025lt 

22 Ti 1.00161 1.001716 .,.Pd 1.00454 1.005389 7lLu 1.00827 1.01220 95 Am 1.0122:1: 1.0258:1: 

23V 1.00171 1.001834 .,Ag 1.00467 1.005586 72 H£ 1.00844 1.01259 .. em 1.0124:1: 1.0265:1: 

o.Cr 1.00181 1.001956 .. Cd 1.00480 1.005789 73Ts 1.00860 1.01298 9,Bk 1.0125t 1.02744 

t For s spherical sample of waler the factor i. 1.0000260 [66My01J 
t Value obtained by graphic extrapolation 

Hyperfine
structure 
anomaly 

Q-values 

Compounds 

A-

ABMR 

a-

Values of magnetic moments calculated from ratios of hyperfine-structure constants do not 
include a hyperfine-structure anomaly correction. This correction can range from zero to 
about 1% [70FuCo). 50me authors include a 1% uncertainty in the value of the magnetic 
moment to take account of this possible correction. 

The value of the quadrupole moment given is that quoted by the experimenter. The 
uncertainty may be as much as 50% or more because of the difficulties in estimating the 
electric field inhomogeneity at the nucleus, arising from the molecular and electronic 
environment, and the effect of the polarization of the electron core. Values marked by an 
asterisk, *, indicate that the experimenter has made some Sternheimer or polarization 
corrections in computing the moment. For papers on Sternheimer corrections for specific 
atoms and ions, see [505t32, 515t93, 54Fo28, 545t11, 56St50, 57St39, 63St22, 665t23, 715t12, 
71St44]. 

In general, standard chemical notation IS used with the exception of using an italicized 
number for the waters of crystallization and an italicized chemical symbol for an element 
which is replaced in a doped material. Some specific abbreviations have been used for the 
following compounds: 

CMN - cerium magnesium nitrate 
NES - neodymium ethyl sulphate 
xIG - x iron garnet. 

3. Abbreviations 

ashta-, 10+18 , an abbreviation of the Sanskrit for eighteen 

atomic beam magnetic resonance 

atto-, 10-18 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 



a;A,B 

b 

CEx 

CMN 

c 

DR 

d 

END OR 

eqQ 

F 

F 

f-

G-

g or g I 

gs 

gs 

H 

H. 
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magnetic dipole interaction constant, given in MHz; cm- I respectively. See introduction to Table 
F, equation (2) for definition of a. 

resonance magnetic field for stroboscopic observation of perturbed angular correlation 

electric quadrupole interaction constant, given in MHz. See introduction to Table F, equation (3) 
for definition of b. 

Coulomb excitation 

magnetic octupole interaction constant, given in MHz. See introduction to Table F, equation (4) 
for definition of c. 

optical double resonance 

day 

electron-nuclear double resonance 

electric quadrupole coupling constant 
Note: This quantity has the dimensions of energy. However, in microwave and radiofrequency 
experiments it is customary to refer to it in units of MHz and in atomic spectra experiments, 
in units of cm -I. To obtain proper energy units one should multiply the given values by h or 
he, respectively. 

electric hexadecapole interaction constant 
Note: This quantity, which is an energy difference, is expressed for convenience in units of 
MHz in radiofrequency experiments. It is understood that one must multiply the values given 
by h to convert to energy units. 

total atomic angular momentum, F=I+J 

£emto-, 10-15 

giga-, 10+9 

angular correlation attenuation coefficients 

nuclear g-factor, MIl 

electronic g-factor of the atom, M Jll 

electronic spin g-factor 

ground state 

magnetic field strength. In most of the tables H has been given in gauss. The SI (Systeme 
International) unit for the magnetic field, the tesla, corresponds to 104 gauss 

external or applied magnetic field 

hyperfine magnetic field 

internal or effective magnetic field at the nucleus 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1916 
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H rell 

h 

hfs 

I 

J--

J 

K 

k-

k 

LX 

M-

m-

m 

NES 

NMR 

n-

nm 

OP 

P,P',P" 

p-

Q 

Q. 

Q'OI 

GLADYS H. FULLER 

magnetic field at resonance 

hour 

hyperfine structure 

nuclear angular momentum or spin 

jitu-, 10+ 15
, from the Swahili for giant 

total electronic angular momentum 

Knight shift correction 

kilo-, 10+3 

Boltzmann constant, (1.38062 6)XlO- 23 J/oK [69TaPa] 

level crossing 

mega-, 10+6 

quadrupole matrix element for the 2+ state, <2+IIME2112+> 

milli-, ]0-3 

minute 

magnetic quantum number, projection on H of I and 1, respectively 

nuclear magnetic resonance 

nano-, 10-9 

nuclear magneton 

optical pumping 

electric quadrupole interaction constants, given III em -1 III paramagnetic resonance 

measurements 

pico-, 10-12 

nuclear electric quadrupole moment 
This quantity exists only for nuclei with /? 1 and is defined by 

where p is the nuclear charge density, and rand e are the radial and polar coordinates of a 
volume element, d V, referred to the nuclear center and axis of symmetry. 

intrinsic quadrupole moment 

rotational quadrupole moment 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 
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nuclear electric hexadecapole moment 
This quantity exists only for nuclei with 1~2 and is defined by 

where p is the nuclear charge density, and rand fJ are the radial and polar coordinates of a 
volume element, dV, referred to the nuclear center and axis of symmetry. 

-dE z/iJz, the first derivative, evaluated at the nucleus, of the electric field along the aXIs of the 
molecule or atom 

-a 3 E zliJ Z3, the third derivative, evaluated at the nucleus, of the electric field along the axis of 
the molecule or atom 

spin exchange 

second 

tera-, 10+12 

temperature 

repetition period for stroboscopic measurements 

half -life 

mean time of observation 

magnetic field attenuation coefficient, defined in terms of the G's [62Go17] 

year 

paramagnetic correction factor, H=f3H o 

gyromagnetic ratio of the proton, Yp=wLarmorIH=47Tf..I.plh 

energy splitting at low temperature, fl==gf..l.NHlk 

total angular shift for static and transient fields, flO== f~wdt'=WT+cb, 

micro-, 10-6 

nuclear magnetic dipole moment 

This quantity exists only for nuclei with l~ 1/2 and is defined by 

f..I.=- fr cosO divM d V 

where M is the total magnetic moment density due to the currents and spins in the nucleus, 
and rand () are the radial and polar coordinates of a volume element, d V, referred to the 
nuclear center and axis of symmetry. 

Bohr magneton, he/47Tm.c=(9.27410 6)10 24JoT- 1[69TaPa] 

ratio of Bohr magneton to nuclear magneton, f..I.S/f..I.N == M p /m.=1836.109 1l[69TaPa] 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 
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ILJ 

v 

Ilv 

T 

<P. 

n 

W,W Lumor 

WT 
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electronic magnetic moment 

resonant frequency, IlE/h; W/21T 

hyperfine-structure splitting 

This quantity in rf resonance literature is defined as Ilv=IlW!h in units of Hertz where IlW is 

the energy separation between adjacent F-states in the absence of an external field. In optical 
spectroscopy it is defined by Ilv=IlW/hc in cm-1(Kaysers). 

diamagnetic correction factor, see Policies. 

mean life, 1'1/2 == TIn 2 = 0.693T 

collision life-time, T c =mean free path! recoil velocity 

total transient-field angular shift 

nuclear magnetic octupole moment 

This quantity exists only for nuclei with I~3/2 and is defined by 

where M is the total magnetic moment density due to the currents and spins in the nucleus 

and rand (J are the radial and polar coordinates of a volume element, d V, referred to the 
nuclear center and axis of symmetry. 

Larmor angular precession frequency, 2Trp.,H/hI or 2TrgHp.,Nlh 

quadrupole resonance angular frequency, Wo =[3/4I(2I-l)]w Q for integer I and Wo =[3j21(21-1)]w Q 

for half-integer I 

quadrupole interaction frequency, W Q=21TeqQ/ h 

angular shift of the angular correlation or distribution in the presence of a magnetic field 

ratio of the nuclear magnetic resonance frequency of the proton to the cyclotron frequency of the 

proton 
This ratio is equal to the value of the magnetic moment of the proton in the nuclear 

magnetons. 

ratio of the cyclotron frequency of a free electron to the nuclear magnetic resonance frequency 

of the proton 
The reciprocal of this ratio is equal to the value of the proton magnetic moment in Bohr 
magnetons. 

4. Summary of Nuclear 
Moment Values and Index 

Introduction 

index also forms a code for the techniques by which 
moment information has been obtained. 

In this table, a value is given for every nuclear 

moment for which a measured value has been 
tabulated in the separate tables. The index letter, 
under the column headed 'Index', indicates the table 
in which the measured moment values and auxiliary 

quantities will be found. Since the individual tables 
list data for a particular measuring technique, the 

In arnvmg at summary values of magnetic 
moments there has been no attempt to average all 

existing results since the spread of values is not 
always due to statistical fluctuations but often 

depends on the circumstances of the measurements. 

Certain techniques give more reliable results. These 

are listed below along with the major associated 

problems, enclosed in ( )'8. 

ABMR by direct measurement, doublet sepa
ration, or triple resonance (configu

ration mixing) 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 
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ENDOR 

OP 

NMR 

using materials for which the paramag
netic shielding is small (paramagnet
ic shielding) 

(configuration mixing) 

using the most ionic materials or ex
trapolating to zero density or concen
tration (chemical shifts, Knight shifts 
for metals) 

W hen the quoted experimental uncertainties and 
the differences between quoted values are of the 
same order to magnitude, a weighted average was 

made: 

II 

A ~e(AJ/~e(, 
.=1 • 

where e i is the quoted uncertainty in the quantity Ai' 

The uncertainty in the value A was then taken as the 
larger of the internal or external error: 

e io.ernal == ( I. e ( r 1/2, 
I 

1) ( I. e( )JI/2. 
I 

The arithmetic average, with an uncertainty given by 
one standard deviation, was used when the quoted 
uncertainties in the individual measurements are 
smaller than ("" or < 1/10) the differences between 
the quoted values. 

No attempt has been made to estimate 
uncertainties arising from chern ical shifts or 
configuration mixing. Although these could be as 
large as 1%, most are of the order of 0.01% or less. 
No uncertainty is assumed for /Lp' In the summary 
table the uncertainty is in the last significant figure. 

The values quoted include the diamagnetic correction 

which is also tabulated. 
For several nuclei the /L-values obtained by two 

different methods are very consistent but large 
discrepancies exist between the two sets of values, 
for example between NMR and OP measurements. 
Both values are now listed and footnoted. For most 
purposes, an arithmetic average of the two values 
could be used. For relative NMR measurements, the 
NMR-value would give a better measure of the 
effective moment. (It is interesting to note that the 
discrepancy between the NMR and OP magnetic 
moment values for the II-B elements, Zn, Cd, Hg, 
varies almost linearly with Z.) 

It is not simple to estimate the accuracy of a 
particular quadrupole moment because the value of a 
quadrupole moment derived from an interaction 
constant depends upon the assumptions made 
concerning the electronic configurations, the 
Sternheimer effect or polarization of the electron 
distribution by a nonspherical nuclear charge 
distribution (nuclear quadrupole moment), and the 
molecular binding. Uncertainties, arising from 
incomplete knowledge of the molecular binding, may 
be as large as 50%. Corrections for polarization 
effects can be of the order of 10-20%, although some 
have been calculated to be as large as 50%, for 
example for the 3d configuration of Sc. To obtain the 
summary value, an average of the data for a 
particular isotope of an element has been made. This 
average value is indicated by a superscript "s". The 
values of the quadrupole moment of the other 
isotopes of that element, marked by a superscript 
"r", were calculated using this average and the more 
accurately determined quadrupole moment ratios. 

Magnetic octupole and electric hexadecapole 
moments have also been included in the summary 
list. 

A few values of Q, n, Q4 have been tabulated 
which have been derived from electron-scattering 
experiments. These are model-dependent and are 
indicated by brackets, [ ], surrounding the value. 

Explanation of the Summary Table 

Nucleus Chemical symbol with Z-, A-, and N-numbers 

Level The energy of the nuclear level, in ke V, given to identify the level for which nuclear moment 
information is presented 

Values have been taken from the Nuclear Data Sheets (through B5), Table of Isotopes [67LeHo] or 
the experimenter's quoted value. 

Tl/2 The half-life of the radioactive nucleus or excited level 
Values have been taken from Marelius [68Ma49], Nuclear Data Sheets (through B5), Table of 

Isotopes [67LeHo] or the experimenter's value. 

See Abbreviations for definitions of prefix-symbols used with units. 
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I 

Diam. 
Corr. 

Q 

n 

Index 

GLADYS H. FULLER 

Nuclear spin or angular momentum in units of h/27T 
Values enclosed in brackets, [1. were not determined by spectroscopic or resonance 

measurements but were assumed in order to interpret data. 

N uclearmagnetic moments in nuclear magnetons, with diamagnetic correction 
When ratios are given, the level-energy of the reference isotope, in ke V, is indicated by a 
subscript. 

The diamagnetic correction which was added to the last significant figure of the uncorrected magnetic 
dipole moment to get the value quoted in the previous column 

For example, for Li6
, j.L=j.LuDcorrected+ Diam. corr. = +0.82195 + 0.00008 = +0.82203 

Nuclear electric quadrupole moment in barns 
Values marked by "s"are averages of the Q-values listed in the individual tables. 

Those marked by "r" have been calculated by use of Q' and measured Q-ratios. 

Values marked by""" include polarization or Sternheimer corrections. 

Values enclosed in brackets. [ 1. are derived from electron-scattering experiments and are model
dependent. 

When two values of Q are listed, the first refers to the value determined by Coulomb excitation 
reorientation assuming constructive interference and the second, destructive interference of the 
matrix elements. 

When ratios are given, the level-energy of the reference isotope. in keV, is indicated by a 
subscript. 

Nuclear magnetic octupole moment in nm-barns 
Values enclosed in brackets, [ ], are derived from electron-scattering experiments and are model
dependent. 

Nuclear electric hexadecapole moment in barns 2 

Directory to tables in which will be found the experimentally determined values on which the 
Summary Values are based. 

Table A: Neutron, Proton, and Anti-Proton Moments 
Table B: Nuclear Moments by Paramagnetic Resonance 
Table C: Nuclear Moments by Microwave Spectroscopy 
Table D: Nuclear Moments by Quadrupole Resonance 
Table E: Nuclear Moments by Nuclear Magnetic Resonance 
Table F: Nuclear Moments by Atomic and Molecular Beams 
Table G: Nuclear Moments by Optical Spectroscopy 
Table H: Nuclear Moments by Optical Double Resonance and Pumping Techniques 
Table I: Nuclear Moments by Mossbauer Spectroscopy t 
Table J: Nuclear Moments by Nuclear Orientation, Perturbed Angular Correlations, and 

Nuclear Specific Heat Measurements 
Table K: Nuclear Moments by Coulomb Excitation Reorientation and Other Techniques 

t For early data see [69FuCo 1, See J. Stevens, J. Phys. Chern. Her. Data 5, L093 (l976). for recent data and evaluation. 
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NUCLEAR SPINS AND MOMENTS 845 

Summary of Nuclear Moment Values and Index 

Nucleus Level TIl' I p. IDiam. Q n Q. Index 
(keY) (h/21T) (om) iCorr. (b) (nmb) (b 2

) 

I 
on, 12m 1/2 -1.91312 A 

:Ho -1.8 A 
:Ho 1/2 +2.79278 i 8 A B F G H 
~H, I +0.85742 2 +0.0028 E F G H 
~H. 12y 1/2 +2.9789 I E F G H 

;He l 1/2 -2.1276 I E F G H 
~He; 1/2 F H 
:He. 0 G 
:He. 0.8s O· F 

~Li3 I +0.82203 8 -0.0008' E F H 
~Li; 1 H 
~Li. 3/2 +3.25636 33 -0.04 5 [+0.09J E F G H K 
:Li. 0.8s 2 + 1.6532 2 

I 
E H J 

:Be. 3/2 -1.17745 18 . +0.05 [-0.04] E F K 

:8 3 770ms [2] ±1.0355 P 2 I E J 
!oS. 3 + 1.8006 4 +0.085·' [<±0.03] C D E F J K 
;oB. 720 0.7n8 [1] +0.6 I J 
i 'B. 3/2 +2.6885 5 +0.041." [+O.ml] C D E F J K 
~2B, 20.4ms I + 1.0028" +0.018 E J 
~3B8 19ms [3/2] ±3.1771" ±0.05 E J 

! IC. 21m 3/2 (-?)0.99 (+?)O.031* F 
!2C. 0 G 
!3C, 1/2 +0.7024 2 E F G 
~4CS 5.6ky 0 G 

~2N 5 12ms I ±0.457 E J ;3N• 10m 1/2 ±0.3221 1 F 
~'N, 1 +0.40375 13 +0.01 C E F G H 
:4N , 5830 12.4ps [3] ±1.5 to 2.6 J ;5Ns 1/2 -0.2831 I E F G H 

!'O, 2.1m 1/2 ±0.7189 3 F 
!60S 0 G 
!'O9 5/2 --1.8937 7 -0.026· B C E 
~80 10 0 C 
!"O 10 1980 3.3p8 [2J ±0.4 to 0.7 J 

!'F. 66. [5/2J ±4.722 2 E J 
~8F • 1125 153n8 [5] +2.85 J 
! 'F 10 1/2 +2.6288 12 B C E F G H 
!'F 10 197 89n8 [5/2] +3.60 ±O.ll S J 
!OF II lis [2] +2.094 I ±0.06' E J 

::Nc. 18s 1/2 -1.887 1 F 
::Ne, 238 17.7ns [5/2J -0.74 J 
~~Ne 10 0* F G 
~~NelO 1630 0.7ps [2] -0.25 K 
~~Nell 3/2 -0.66176 36 +0.09 F G 

~~Ne 12 O· G 
~~Ne I. 1275 3ps [2] -0.21 K 
;~Nel3 388 I [5/2] -1.08 F 
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846 GLADYS H. FULLER 

Summary or Nuclear Moment Values and Index - Continued 

Nucleus Level TIl' 1 IL Diam. Q n Q. Index 
(keV) (h/21T) (nm) Corr. (b) (nmb) (b 2

) 

~~Na. 408ms 2 :':0.369 H J 
~:Na,o 235 3/2 +2.3861 15 F H 
~~Nall 2.6y 3 + 1. 746 1 F 
~~Nall 583 243ns [1] +0.55 J 
i~Na'2 3/2 +2.21740' 139 +0.10' E F G H 

(+2.21755) 

~~Na13 ISh 4 + 1.690 1 F 

~:MgI2 O· G 

i:Mg.' 1368 Ips [2] -0.27 K 
~;Mg;3 5/2 -0.8554 6 +0.22 B E F G 
~:MgI4 O· G 

~;AI .. 5/2 +3.6413 29 +0.15*b [±O.3] E F G H K 

~:SiI4 o· I C E 
~:SiI4 1779 0.5ps [2] +0.17 K 
~:Sils 1/2 -0.55526 49 C E 
!~SiI6 O· c 

i:p 10 4.2. [1/2] :!: 1.235 1 E J 
~~p IS 2.6m 1 F 
~!p 1. 1/2 +1.1317 II B C E F G 

~!p 17 14d 1 -0.2523 2 B 

~!SI" 0 G 

~!S I" 2237 O.25ps [2] -0.2 K 

~!S 17 3/2 +0.6435 7 -0.055 5 C D E 

~:S 18 o· C 

~:S '9 87d 3/2 + 1.00 or +0.038' C D 
-1.07 

~:S.., O· C 

~~CI18 3/2 +0.82181 94 -0.10,5 -0.016*5 C D E F 

~~Cli' 0.3My 2 + 1.2853 14 -0.0210' I C E 
~;Cl.., 3/2 +0.68407 78 -0.079·' -0.013·' C D E F 

~:Ar'7 1.88 [3/2] +0.632" F 

~:Ar,. O· G 

~:ArI8 1980 ? [2] +0.11 K 
~!ArI9 34d 3/2 +0.95 G 

~!Ar19 1610 4.5ns [7/2] -1.33 J 
~:Ar2G o· G 

~:Ar21 265y 7/2 -1.3 G 

~:Ar .. O· G 

~:Ar22 1460 0.8ps [2] -0 K 

~:K 17 245m. 2 :!:0.548 1 H J 
~!K'8 1.28 3/2 +0.2032 3 H 

~!K'8 1380 IO.5ns [7/2] +5.2 J 

~~I' 7.7m 3 + 1.374 2 F 

~:K.., 3/2 +0.39143 1 52 +0.0490" E F G H 
(+0.39147) 

t~K21 1.3Gy 4 -1.2981 17 -0.0610' D F H 

~!K22 3/2 (+0.21487), 28 +0.0600' E F H 

~~K22 1290 7.3ns [7/2] +4.41 J 
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NUCLEAR SPINS AND MOMENTS 847 

Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level T'l' I fJ- I Diam. Q n Q. Index 
(keY) (h/21T) (nm) I Corr. (b) (nmb) (b') 

~!K23 12h 2 -1.l424 15 F 

~:K24 22h 3/2 ±0.163 F 

~!K,. 20m 3/2 ±0.1734 2 F 

;~Ca", O· G 
~~Ca .. 3740 41ps [3] +0.4" J 
~~Ca .. 4490 272ps [5] + 1.6" J 
~~Ca21 110ky 7/2 -1.5946 23 E 

:~Ca22 3190 5.5ns [6] -2.8 J 
~~Ca23 7/2 -1.3172 19 <:':0.2 E F G H 

: :Sc", 0.59. [7/2] :':5.43" I E 1 
~~SC22 3.9h 7/2 +4.62 1 -0.26' F 
:~SC22 3123 450n. [19/2] +:'1.14 J 
~~SC23 3.9h 2 +2.56 +O.ll ' F 
~~SC23 69 153ns [1] +0.34 :':0.18- J -
:~SC23 270 2.4d 6 +3.88 1 -0.20' F 
:~SC24 7/2 +4.7559 72 -O.22s E F G 
:~SC2S 84d 4 +3.03 +0.12' F 
:;Sc,.. 3.4d 7/2 +5.34 1 -0.22' F 
::Sc •• 767 274n. [3/2] :':0 .. 35 J 
:~SC'7 1.8d 6 F 

:~Ti23 3.lh 7/2 :':0.095 ~:':0.02' F 
fJ-/Q positive 

:~Ti24 889 7ps [2] -0.2 K 
~:Ti2S 5/2 -0.78846 127 +0.29" B E F 
::Ti,.. 983 3.6p8 [2] -0.20 K 
:~Ti27 7/2 -1.l0414 177 +0.24' B E F 

~~Ti28 1550 Ips [2] ~O K 

:iY 24 31m 3/2 F 
::Vos 16d 4 :':1.6 F J 
:~V os 306 7.09ns [2] +0.38 J 
:~V ,.. 330d 7/2 :':4.5" 

I 
B 

;~v 27 >40Jy 6 +3.3470 57 ±0.06 B E 

~!V .. 7/2 +5.1485 88 -0.05 b B E F G 

~!V "" 320 173p8 [5/21 +4.0 J 

::Cr,. 42m 5/2 :':0.476 1 F 

~:Cr 2. 783 8.4ps [2] -0.3 K 
~!Cr21 28d 7/2 :':0.934 2 F 
~!Cr21 749 7.5n8 [3/2J :':1.1 J 
~!Cr .. 1434 0.90ps [2] [-0.08] K 
~!Cr29 3/2 -0.4735£ 9 +0.03 B E F H K 

(-0.4744) 

;!Cr .. 834 8.9p8 [2] -0.1 K 

! 
~!Mn26 45m 5/2 :':3.56 E 

F 
;;Mn 27 5.7d 6 +3.059£ 6 +0.6' B E F J 
~~Mn21 383 21m 2 :':0.0076 F 
~~Mn .. 2My 7/2 ±5.02 E 1 B 

!:Mn 29 312d 3 +3.278 E 6 +0.4' B E J 
;~Mn .. 5/2 +3.449£ 7 +0.4 5 B C E F G H 

(+3.4680) 66 

~:Mnsl 2.6h .3 +3.223 E 6 F J 
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848 GLADYS H. FULLER 

Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level '1',,, I !J. Diam. Q !1 Q. Index 

(keV) (h/21T) (nm) Corr. (b) (nmb) (b 2
) 

~:Fe28 1408 1.0ps [2] +2.9 J 
~:Fe28 2950 1.22n5 [6] ce8.2 J 
~:Fe30 847 6.9ps [2] + 1.2 -0.26 J K 
;!Fe 31 1/2 +0.09042 E 

. 18 B E F K 
(+0.09060) 

~!Fe31 14.4 -IOns [3/2] -0.1550 3 +0.19- I 
~!Fe 31 136 8.8ns [5/2] +0.92 I J 
~~Fe 31 367 7ps [3/2] <0.5 I J 
~~F e 31 707 3ps [5/2[ <::+1 J 
~:Fe 32 811 6.4ps [2] + 1.1 J 
~:Fe 33 45d 3/2 '" 1.1 F J 

~;C028 18h [7/Z] :+:4.5 J 
~~C029 77d 4 ce3.83 I B 
~~C030 270d 7/2 +4.72 I +0.5' B E J 
~~C030 137S 19.4ps [3/2J +3 J 
~~C031 71.3d 2 +4.04 I +0.2' B E J 
~~C031 54 10.2J.Ls [4] +4.18 J 
~~Co 32 7/2 +4.616 10 +0.38 5 B E F G 
~~Co 32 1292 564ps [3/2] + 1.8 J 
~~C033 5.Z6y 5 +3.79 I +0.4' B E J 
~~C033 58 10.5m 2 +4.4 +0.3' F 

~:Ni30 1450 0.67ps [2] -0.14 K 

~~Ni32 1330 0.80ps [2] [-0.10] K 
~!Ni33 3/2 -0.7498 17 +0.16' B E F G 

~~N i33 68 5.2n5 [5/2] +0.42 I 
~;Ni34 1170 1.57ps [21 +0.2 K 

~~Ni35 87.2 1.72J.Ls [5/2] +0.752" J 
~:Ni36 1350 o. ?8ps [2] +0.3 K 

~~CU31 24m 2 + 1.219 :3 F 

~~CU32 3.:lh 3/2 +2.13 F 

~~CU33 9.9m I -0.380 1 F 

~;CU33 41 4.80n5 [2] :+: 1.3 J 
~!CU33 390 11.50s [3] :+: \.9 j 

~~CU34 3/2 +2.2228' 53 -0.211" B D E F G H 
(-.2.2262) 

~:CU35 13h I -0.216 F 

~:CU35 1590 20An5 16J + 1.04 1 
~;C U 36 3/2 +2.3812' 57 -0.195. 5 B D E F G H 

(+2.3849) 

~:CU31 .'i.2m 1 -0.281 1 F 

~:C u 37 [154 596n8 [61 -+ 1.04 J 

~~Zn 33 38m 3/2 -0.2816 7 +0.29' H 

~~Zn34 O· G 

~~Zn 34 992 2.7ps [2] [-0.14] K 

~~Zn 35 245d S/2 +0.7692 19 -0.024' H 

~~Zn36 O· G 

~~Zn37 5/2 +0.87524 d 218 +0.16' E F G H 

(+0.8756) 22 

~~Zn 31 ISS 1. 0 1 os [3/21 +0.4 J 

~~Zn37 60S 34005 19/2J -1.09 J 

~~Zn 38 O· G 

~~Zn40 8B4 3ps [2] [-0.2] K 

I 
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. Summary of N uelear Moment Values and Index - Continued 

Nucleus Level Tl/2 I p.. !Diam. Q n Q. Index 

(keV) (h/2Tr) (nm) !Corr. (b) (nmb) (b 2
) 

:~Ga" 9.5h o· F 

~;Ga36 78h 3/2 + 1.849' 5 +0.22' F 

:~Ga37 68m 1 :to.01l? :to.031 ' F 

~~Ga38 3/2 +2.0145' 53 +0.19 s +0.14 C D E F G 

( +2.0161) 

I i~Ga .. 21m 1 F 

!:Ga 40 3/2 +2.5597' 67 +0.12' +0.18 C D E F G 

(+2.5617) 

~~Ga41 14h 3 -0.1321 f 3 +0.59' F 

:;Ge" 734 70ns [9/2] -0.94 QIQ::.= 1.22 J 

~~Ge37 38h 5/2 :to.73 ±0.03' F 

p../Q positive 

::Ge.7 398 3p..s [9/2] -l.001 3 J 

~~Ge38 O' C 

!~Ge38 1040 1.3ps [2] +1.8 ~O J K 

~~Ge3' lld 1/2 +0.546 1 F 

;!Ge .. 175 79ns [5/2J +1.02 Q/Q::.=0.22 1 

~;Ge39 198 20.2ms [9/2] -1.040 3 i ±0.3 J 
;;Ge 40 O' C 

~~Ge40 835 3.14ps [2] +1.2 J 
!~Ge .. 9/2 -0.87918 240 -0.18 C E F 

i:Ge 42 O' C 

;:Ge42 596 12ps [2] +0.9 • -0 J K 

!:Ge .. 82m 1/2 +0.51 F 

i:Ge .. O' C 

~~Ge .. 563 17.6ps [2] +0.7 -0.2;-0 J K 

~~AS37 SSm 4 F 

;~AS39 26h 2 ±2.2 F 

~;AS39 215 80ns [3] +1.58 J 
;!A840 66.9 5.0ns [5/2] + 1.6 J 
;!As 40 427 5.8p..s [9/2] +5.21 I E J 

!:As., 274 26.8n. [3] +2.43 I J 
;~AS42 3/2 + 1.439 4 +0.29 B C D E F G 

!~AS42 265 11.9ps [3/2] + 1.0 J 
;;As 42 280 0.28n. [5/2] +0.9 J 
i:As .. 26h 2 -0.905 2 :t7 8 B F 

i:As .. 45 2.60p..s [I] +0.559 1 J 
;~As .. 473 I 16p..s [9/2] :t5.52 I J 

i!Se4(j O' C 

i!Se.1 120d 5/2 +1.0' C 

;!Se4!l O' C G 

i!Se.2 559 Il.lps [2] +0.8 J 

i!Se4.'! 1/2 +0.534 1 C E G 

;~Se4.'! 249 9.4n8 [5/2] +1.2 J 
;!Se4.'! 440 24p8 [5/2] + l.0 J 

i:Se .. 0 C G 

;:Se .. 614 8.6ps [2] +0.8 J 
;:Se •• 60ky 7/2 -1.02 +0.8" C 

:~Se46 0 C G 

~:Se .. 666 8.05ps [2J +0.8 J 
::Se 48 

Of C G 

!!Se 48 655 11.3ps [2] +0.9 J 
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850 GLADYS H. FULLER 

Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level Til' I IL Diam. Q n Q. Index 
(keV) (h/21T) (nm) Corr. (b) (nmb) (b 2

) 

~:Br 41 17h 1 ±0.548 2 ±0.30*' F 
p./Q negative 

!~Br 42 58h 3/2 F 
;:Br 43 181 100ILS [4] +4.11 1 E J 
!:Br .. 3/2 +2.1055 65 +o.:n. s +0.09· e 0 E F G 
~~Br 4S 18m I ±0.514 2 ±0.22·' F 

ILIQ positive 

~~r4S 85 4.5h 5 +1.317 4 +0.84" F 
:;Br .. 3/2 +2.2696 70 +0.310' +0.10" C D E F G 
~!Br .. 540 35ILs [9/2] ±5.77 2 E J 
~:Br 47 36h 5 + 1.626 5 ±0.84·' F J 

~:Kr", 148 77 .7ns [5/2] + l.12 J 
:!Kr .. O· G 
:!Kr47 9/2 -0.9703 31 +0.26 5 -0.18 E F G 
~!Kr 47 9.3 143ns [7/2] -1.8 +0.44' I J 
::Kr .. O· G 
~:Kr •• lly 9/2 ±1.005 3 +0.43' F G 
::Kr .. O' G 

~~Rb44 4.7h 3/2 +2.05 F 
:~Rb44 85 32m 9/2 F 
:;Rb .. 30 6.3h 5 + 1.643 6 F 
:~Rb .. 83d 5/2 + 1.42 F 
:~Rb., 33d 2 -1.32 F 
:;Rb 4ll 512 + 1.3524 dl 45 +0.26' s E F G H 

(+ 1.3527) 

:~Rb'9 19d 2 -1.691 6 F 
:;Rbso 47Gy 3/2 +2.7500"1 92 +0.13" E F G H 

(+2.7506) 

:~Rbsl 18m 2 ±0.51 F 

::Sr .. O· G 

:~Sr .. ? 460ns [8] -1.9 J 
~!Sr •• 912 -1.093 4 +0.3 B E F G H 
~:Srso O' G 

:~Y ., 243 28.5ns [2] -1.06 J 
::y so 1/2 -0.13733 49 E F G H 

~~Y 51 64h 2 -1.63 I -0.15 F 

~!y 52 58d 1/2 ±O.IM I F 

:~Zrso 3590 130ns [8] ±1O.8 J 
!!Zrsl 5/2 -1.3028 48 E G 

:!Zr" >2265 29.0ns [15/2] ±5.3 J 

::Nb so 2378 10.On. [17/2] ±1O.6 J 
:~Nb .. 9/2 +6.167 24 -0.22 B E G 

:~Nb .. 35d [9/2] ±6.3 J 

!;Moso O' G 

:~Mo .. 2761 190ns [8] ±11.2 J 
::Mo S2 O· G 

~~M052 2953 97.7ns [8] + 10.5 J 

:~M053 5/2 -0.9135 36 ±0.12 B E G 

::Moss 204 760ps [3/2] -0.4 J 

::Mo ... O· G 
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Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level T", I J.L Diam. Q n Q. Index 

(keV) (h/27T) (nm) Corr. (b) (nmb) (b 2
) 

:~M05S 5/2 -0.9327 37 :':1.1 B E G 

:~Mo .. O· G 

::Mo 56 787 3.Sps [2] +0.7 J 
!~OM058 O· G 

!~OMo"" 536 lOps [2] +0.7 J 

:~TC33 4.3d 6 :':4.6 E J 
:~TG56 210ky 9/2 +5.681 23 +0.3 B E G 

:~Tc 56 141 192ps [7/2] t5 J 
:~TC56 181 3.59n8 [5/2] +3.3 J 

::Ru 54 654 5.9ps [2] +0.8 J 
::Ru 55 5/2 -0.62 IQIQ..,I";0.3 B G I J 
::Ru 55 90 20.7ns 3/2 -0.28 ;, :':0.1 I J 
!:oRu 56 540 IL9ps [2] + 1.0 J 
!:lRu S1 5/2 -0.68 B G 

!~IRu57 127 550ps [3/2J -0.31 J 
!~2RufMJ 475 17.6ps [2] +0.74 J 
!:4Ru 60 358 58ps [2] +0.8 J 

!~ORh55 74.8 215ns [2J +4.32 2 J 
!~'Rh", 1/2 -0.0883 4- E G 

!~3Rh", 93 1.13ns [9/2] ±6.2 J 
!~3Rh58 298 6.3ps [3/2] + I b J 
!~3Rh", 360 59ps [5/2] + L2h J 

!~'Pd 58 556 9.7ps [2J +0.7 -0.3;-0 J K 

!:'Pd '9 5/2 -0.642 3 +0.8 E F G 

!:·Pd .. 512 12.7ps [2] +0.73 -0.5;-0.3 J K 

!~6Pd .. 1128 2.5ps [2J +0.7 J 
!~·Pd6' 434 23.8ps [2] +0.77 -0.6;-0.4 J K 

!!"Pd .. 374 45.8ps [2] +0.70 -0.3 J K 

!~' Ag", 9m 9/2 F 

!~2Ag55 13m 5 F 

!~2Ag .. ? 7m 2 +4.2 F 

!~3Ag>6 66m 7/2 +4.45" F 

!~'Ag57 1.2h 5 +4.0 F 
!~'Ag57 -20 27m 2 +3.7 F 

!~' Ag", 40d 1/2 :':0.101 F 

!~6 Ag,. 24m 1 +2.9 F 

!~. Ag,. -300 8.3d 6 F 
!~7 Ag .. 1/2 -0.1135 5 E F G 

!~7 Ag .. 325 5.9ps [3/2] +0.7 J 
!~7 Ag 60 423 34ps [5/2] +0.9 J 
!~8 Ag •• 2.4m I +2.80 I F 

!~·Ag., 1/2 -0.1305 6 E F G 

!~. Ag., 88 40s 7/2 ±4.3 F 

!~9Ag62 309 5.2ps [3/2] +0.9 J 
!~9Ag.2 414 33ps [5/2] +0.9 j 

~~OAg63 24.4, J t2.72 1 E F J 
!~O Ag 03 116 253d 6 +3.604 17 B F J 
!:'Ag .. 7.5d 1/2 -0.145 I F 

!;'Ag., 3.2h 2 ±0.054 F 

!;'Ag .. 5.3h 1/2 ±0.159 I F 
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852 GLADYS H. FUllER 

Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level TIl' [ I.t Diam. Q n Q. Index 
(keV) (h/27r) (nm) Corr. (b) (nmb) (b 2) 

!~SCdS7 SSm 5/2 -0.738 4 +0.43' H 
!:·Cdsal 633 6ps [2] -0.8 K 
~:7Cds9 6.7h 5/2 -0.61443 d 294 +0.68' H 
!~8Cd60 633 5ps [2] -0.8 K 
!~9Cd.l 470d 5/2 -0.82701 d 395 +0.69 5 H 
!~9Cd61 469 8.9""s [11/2] -1.l0 1 J 
!!OCd.2 O· G 
!~OCd62 656 5.0ps [21 +0.7 -0.5;-0.3" J K 
!! 'Cd 63 1/2 -0.59428 d 284 E F G H 

(-0.59500) 

!~ 'Cd .. 247 84ns [5/2] -0.793 4 +1 J 
!~ 'Cd 63 397 49m 11/2 -1.1040 53 -0.85' H 
!~2Cd .. O· G 
!~2CdM 617 6.2ps [2] +0.7 -0.2 J K 
!~3Cd6& >3Jy 1/2 -0.62167 d 297 E F G H 

(-0.62245) 

!!3Cd .. 265 14y 11/2 -l.0871 d 52 -0.71' H 
!!'Cd .. O· G 
!!'Cd .. 558 9.0p5 [2] +0.8 -0.32 J K 
!!'Cd., 2.3d 1/2 -0.6478 d 31 H 
!!SCd., 180 43d 11/2 -1.0400 d 50 -0.55' H 
!!6Cd68 O· G 
!!6Cd .. 513 13.7ps [2] +.0.8 -0.9 b 

J K 

!~9In60 4.3h 9/2 +5.53 3 +0.85' F 

!!OIn 61 66m 2 +4.36 2 +0.36' F 

!!OIn 6' ? 4.% 7 + 10.4 or -0.21' or F 
-10.7 +0.22' 

!!'In 6• 2.8d 9/2 +5.53 3 +0.84' F 

!! "In 63 14m I +2.81 1 +0.089' F 
!! 21n63 155 21m 4 F 
!!3In .. 9/2 +5.5229 271 +0.82' +0.57 E F G H 
!!'InM 393 1. 7h 

I 
1/2 -0.210 I F 

!!4I nOS 728 [I] ,,;±l. 7 J 
!!4In .. 190 SOd 5 +4.7 F 
!!Sln .. 600Ty 9/2 +5.5348 272 +0.83 5 +0.56 C E F G H 
!!5In .. 335 4.5h 1/2 -0.244 1 F 

!!6In.7 145 [I] ±2.786 ]4 ±O.l E J 
!!6In., 70 54m 5 +4.3 F 

!! 'In 68 45m 9/2 F 

!! 'In 68 310 1.% 1/2 -0.2515 12 F 

!! 71n68 660 60n. [3/2] +1.0 ±0.64 J 

~~ '5n.2 1257 0.3ps [2) ~O K 

i! 35n63 1I8d 1/2 ±0.88 F 

;~'Sn64 ~3100 700ns [9,7?] g=-0.081 J 
~~'5n6' 

I 
1/2 -0.9178 46 E F G 

;!'Snos 619 3.3f.1.s [7/2] <±I.O J 
!~·Sn .. 726 159f.1.8 [11/2] -1.368 7 ±0.8 E J 
;~6Sn66 O· G 

!!"Sn .. 1290 0.4ps [2] [-0.1] K 

!~·Sn .. 2369 350n8 [5] -0.32 J 
!~75n.7 I 1/2 -0.9999 50 E F G 

~~'Sn68 O' G 

!~BSn68 1230 O.Sps [2] -0.2 K 

!~·Sn68 2320 21. 7ns [5J -0.32 J 
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NUCLEAR SPINS AND MOMENTS 853 

Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level TIl' I p. Diamo Q n Q. Index 

(keV) (hI21T) (nm) Corr. (b) (nmb) (b') 

~~ 95n69 112 -1.046] 53 B E F G 

!~9Sn69 24 1805ns [3/2] +0.68 -0.07 I 
!~OSn·1O 0+ G 
!~OSn 70 1170 0.5ps [2] -0 K 

~~oSn70 2300 5.5n. [5] -0030 :'::0.02 J 
~~ISn71 27h 3/2 :'::00699 4 :'::OoOB F 

p./Q negative 

!~2Sn12 1140 0.6ps [2] --0.3 K 

!~3Sn73 -24 40m 3/2 F 

~~4Sn74 1130 O.Bps [2] -0.1 K 

!:'Sb .. 31m 5/2 +3.46 2 -0.28' F 
~:·Sb., 15m 3 F 

!: 'Sb". 2.Bh 5/2 +2067 I -0.42' F 
!:'Sb .. 3130 340p.s [21/2?] + 1.22 J 
;:"Sb.7 0-200 3.5m ] ±2.46 ] F 

~:"Sb68 38h 5/2 +:1.45 2 -0.29' F 

~~oSb .. 16m I ±203 F 
~~'Sb70 5/2 +303592 174 _0.28'b5 B C D E F G I 
!i'Sb,o 37 3.5n5 [7/2] +2051 ] -0.4' I 
!i'Sb 71 2073d 2 -1.90 I +0.66' B F J 
~;2Sb71 61 1.8p.s [3] +2.98 2 J 
~~3Sb72 7/2 +2.5466 132 -0.36' B C D E F G 
~~'Sb73 60d 3 :'::1.3 F J 
;~5Sb74 2.77y 7/2 ±2061 I E J 
!;"Sh,s 12.5d [8] :':: 1.3 J 
!;'Sb,. 309d [7/2] :'::2.6 J 
~ ~·Sb 17 B.6h [8] :'::L3 J 

!:6Te .. 2.5h O· F 
!i'Teos 61m 1/2 F 

!i"Te 67 16h 1/2 :'::0.25 F 
!:"Te., -300 405d !l/2 F 
!!OTe 68 560 903ps [2] +0.6 J 
~;2Te70 564 706ps [2] +0.66 J 
!;3Te 71 >50Ty 1/2 -0.7359 39 E G 

~:3Te71 159 190ps [3/2] ±0.7 J 
~:3Te71 248 1I7d [l1/2] -LOO J 
!;3Te71 440 ? ? g=+0.2 J 
;;'Te 71 506 ? ? g=+0.03 J 
~~'Te'2 603 6.6ps [2] +005 b -0.5;-0.3 J K 

!:'Te" 1/2 -008872 47 E G 
~;5Te73 35.5 106ns 3/2 +0060 -002 I 
!~STe73 145 58d [11/2] ±0.9 J 
~;5Te73 321 695ps [9/2] -0.91 j 
!;5Te 73 443 21ps [3/2] +0.5 J 
;;STC'3 463 J3ps [5/2] +0.6 J 
g5Tc 73 525 ? [7/2?] negative J 
!;6Te 7. Ot G 
!;6Te7• 667 4.4ps [2] +006 -0.3;-00 I b J K 
!;'Tc,s 9.4h [3/2] 0:0.61 J 
;~7Te75 89 109d [!l/2] -0091 J 
~~8Te 76 O· C 
~;8Te,. 743 302ps [2] +0.5 -Ool;+Oolb J K 

!;9Te " 6901 [3/2] :'::0067 J 
;;9Tc

17 106 34d [11/2] -Ll5 J 
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854 GLADYS H. FULLER 

Summary of Nuclear Moment Values and Index - Continued 

Nucleus I Level I 1"1' ! I I !L Diam. Q 
(nflmb) I 

Q. Index 

: (keV) I (h/2rr) (nm) Corr. (b) (b') 

~~oTe78 o· G 
~~oTe78 840 2.0ps [2] +0.6 -0.2;-0.1 J K 

~ ~ 3 [70 13h 5/2 F 
!!4171 4.0d 2 F 
!~SI72 60d 512 +3 -0.89' C 
~ia] 12 188 35ns [312] :t3 J 
!i6l

n 13d 2 F 
;;'1,. 5/2 +2.8091 153 -0.79<5 +0.18 C D E F G 

;;'1,. 58 1. 92ns [7/2] :':2.2' -0.71 ' I J 
~~iI 74 203 ;)30ps [3/2] ';,:,: I. I J 
!~817s 25m I F 
!~9176 : 16My 7/2 +2.6174 143 -O.5S' C D E 
~~9I 76 27 15ns [5/2] +2.8 -0.68' I 
~~oI77 12h 5 F 
!~ II 78 8.ld 712 +2.738 15 -0.40' C F 

!~ II 78 ISO O.95ns [5/2] +2.B J 
!~ I] 78 1797 5.9ns [9/2 ·0.7 J 

IT 11/2] -0.9 

!~2] 79 2.3h 4 :':3.08 2 :to.OB' F 

f.LIQ negative 

~;21'9 49.7 O.95ns [3] +2.2 J 
;~3180 21h 7/2 +2.84 2 -0.26' F 

~~51 82 6.7h 7/2 F 

~!9Xe 75 1/2 -0.7768 43 E F G H 

~!9Xe75 I 40 700ps [3/2] :':0.41 ' I 
;! lXe n 3/2 +0.6908 39 -0.12 5 +0.048 E F G 

!!2Xe78 0> G 

!!2XC78 668 7ps [2] +0.9 J 
!!4Xe oo 0> G 

;;6XC S2 o· G 

!~5CS 70 45m 1/2 + 1.41 1 F 

~~7CS12 6.2h 1/2 + 1.45 I F 

~~9CS 74 31h 1/2 +?1.479 8 F 

!~OCS75 30m I + 1.37 or 1 F 

-1.45 

!~ICS76 IOd S/2 +3.54 2 -0.57" F H 

!: le8 76 133 9.3n5 [5/2] +2.1 J 
!~2CS77 6.2d 2 +2.22 1 +0.47> ' F H 

~!3Cs78 7/2 +2.5779 d 148 -0.0030>' <100 D E F G H 

(+2.5788) 

;~3CS,. 81 6.31n5 [5/2] +3.44 2 I J 

~~3CS 78 160 190ps [512] + 1.5 J 
!~4Cs 79 2.2y 4 +2.989 17 +0.36. 5 F H 

;~'CS19 11.2 47.0ns 15] d.34 2 J 
!~4CS79 137 3.1h 8 + 1.096 6 F 

;:5C580 2My 7/2 +2.7280 d 156 +0.044" F H 

(+2.7289) 

!!6CS IU 13d 5 +3.70 2 F 

!~7CS82 30y 7/2 +2. 8372 d 162 +0.045" F H 

(+2.8382) 

I ;~·CS83 32m 3 :to.5 F 
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NUCLEAR SPINS AND MOMENTS 855 

Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level 1'1/2 I IL Diam. Q n Q. Index 
(keV) (h/211"l (nm) Corr. (b) (nmb) (b') 

~!OBa74 356 63ps [21 +O.3 h K 

~:4Ba7. O· G 

~!·Ba,. 605 7ps [21 ~::tO.OO6? +0.1 b J K 
~!5Ba7. 3/2 +0.8365 d 49 +0.18 5 D E F G H 

(+0.8372) 
!!5Ba;9 3/2 H 
!!6Baoo O· G 

~!·Baoo 818 l.Sps [2] +0.3 b K 
!!7Ba .. 3/2 +0.93S7 d 55 +0.28' E F G H 

(+0.9365) 

~!'Ba; I 3/2 H 
~!7Ba., 662 2.55m [11/21 =-0.05 1 
!!SBall2 o· G 

~~ ILa 14 59m 3/2 F 
;~2La7S 4.5h 2 F 
!~2La75 ? 25m 6 F 
~~3La76 4.0h 5/2 F 
~~3La,. 535 49n. [11/2] ±8 J 
~~5La7. 19.4h 5/2 F 
~~·La7' 9.9m I F 
g'La oo 60ky 7/2 +2.69 2 +0.26~' G 
gaLas, 112Gy 5 +3.704 22 +0.51·' E G 

~~·Lall2 7/2 +2.778 17 +0.22. s E F G H 
~~oLa83 40h 3 +0.73 +0.1·' F J 

!!OCe 72 25m O' F 
!:·Ce7• 4.2h O' F 

i:3
Ce 7S 5.4h 9/2 F 

~:3Ce,. ? 97m 1/2 F 

!:·Ce,. 72h O' F 
~:sCe77 17h 1/2 F 
!:7Ce,. 9.0h 3/2 ±0.7 F J 
!:'Ce,. 255 34.4h 1l/2 ::to.69 F J 
!:'CeS1 140d 3/2 ±0.9 F J 
~:oCe82 2083 3.41n. [41 +4.3 ±0.40* J 
;!'Ce 83 33d 7/2 B J 
!:2Ce .. 650 6.2ps [2] -0.1 K 
i:'Ce ss 34h 3/2 -±1 F J 

~:3Pr7' 7.5m 5/2 F 
~!4Pr,. 18.5m 2 F 

!:'Pr76 24m 3/2 F 

!:"Pr71 13.5m 2 F 

;!7Pr'8 1.2Sh 5/2 F 
!!8Pr ,. ? 2.0h 7 F 

~:'Proo 4.5h 5/2 F 
!:oPrsl 3.4m 1 F 

!!'PrS2 5/2 +4.16 3 -0.05S 5 B F G 

!!'Pr83 19h 2 -0.24 -0.034' F J 
;:211r83 ? ? 5 F 

~:3Pr .. 14d 7/2 F 

~:3Pr84 57 4.17n8 [5/2] +2.8 J 

!~'Nd7' Sm O· F 

!!5Nd 7. 15m 9/2 F 

!~·Nd76 SSm o· F 
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856 GLADYS H. FULLER 

Summary of Nuclear Moment VaJues and Index - Continued 

Nucleus Level T'12 I I f.L Diam. Q n Q. I Index 
(keV) (h/2tr) (nm) Corr. (b) (nmb) (b') 

!~7Nd71 37m 1/2 F 
!~·Nd7. S.2h O' F 
~~9Nd79 29.7m 3/2 F 
!~'Nd 7. 232 5.5h 11/2 F 
!!ONd 80 3.4d O' F 
!~'Nd., 2.4h 3/2 F 
!:'Nd83 7/2 -1.063 7 -0.48 hS B F G 

!~·Nd ... 695 4.2ps [2] +0.26 -0.2;-0.6 J K 

!~'Nd84 1314 'lOps [4] +0.2 J 
!~'Nd .., 7/2 -0.654 4 -0.2S"' B F G 
!~6Nd86 454 21ps [2] +0.48 -0.7 J K 

!~7Nd.7 lid 5/2 :to. 55 ±O.7t B F 

f.L/Q negative 

!~·Nd88 300 116ps (2) +0.45 -1.3 J K 
!~·Nd .. 1.9h 5/2 :to.35 ::':1.0' F 
!~ONd90 132 1.52n5 [2] +0.64 -1.7 J K 

!~ONd90 397 55.9ps [4] + 1.3 J 

!~lPm80 20.9m 5/2 F 
!~3Pm82 265d [5/2, :t3.8, J 

or 7/2] ::>:3.9 

!~'Pm"" 360d [5, ± 1. 7, J 
or 6J ±1.8 

!~7Pm86 2.6y 7/2 +2.62 2 +0.7 B F G 

~~7Pm86 91 2.55n. [5/2] +3.4 J 
! ~BPm 87 S.4d 1 +2.0 +0.2 F J 
!~8Pm87 137 43d [6J :t1.8 J 
! ~·Pm 88 S3h 7/2 ±3.3 F J 
! ~'Pm 88 114 2.58n. [5/2J +2.1 J 
! ~9Pm 8B 188 3.24ns [3/2] + 1.6 J 
! ~9Pm 88 211 80ps [5/2] +2.2 J 
! ~'Pm 8B 270 2.59n5 [7/2] +3 J 
!~IPm90 28h 5/2 ± 1.6 :t l. 9 F 

J.L/Q positive 

!~OSm 78 15m O' F 

!~'Sm7' 11.3m 1/2 F 

!~ISm7' ? 22.9m 11/2 F 

!~'Sm.o J.2h O· F 

!~3Sm ., 8.8m 3/2 F 

!~SSm 83 340d [7/2] ±0.92 J 
!~7Sm.., O.lTy 7/2 '0.813 6 -0.18 5 B F G H 

~~7Sm., 121 780ps [5/2] -0.3 1 
!!'Sm ss 198 1.31ns [3/2] -0.28 J 
~~8Sm 86 551 7.35ps [2J +0.3 -0.8 J K 

!~9Sm .7 7/2 -0.670 5 +0.052' B F G 

!~9Sm.7 22 7.6n8 5/2 -0.61 +0.4 I 

!~OSm .. 334 48ps [2J +0.60 -1.3 J K 

!~'Sm.9 105 480ps [5/2] +0.5 J 

!~'Sm.9 168 760ps [3/2] +0.6 J 
!~2Sm 90 122 1.42n8 [2] +0.69 -1.8 I J K 

!~'Sm 90 366 57ps [4] + 1.2 J 

!~'Sm91 47h 3/2 -0.0217 1 +0.9 F 

!;'Sm 92 82 3.02n [2J +0.61 J 
!;'Sm 92 267 165ps [4J + 1.3 J 

~~·Sm.2 549 23.5ps [6] + 1.9 J 

!~5Sm'3 24m 3/2 :':0.8' r 
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NUCLEAR SPINS AND MOMENTS 857 

Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level 1'1/' 1 fL Diam. Q n Q. Index 

(keV) (h/2T/") (nm) Corr. (b) (nmb) (b') 

!:'EU82 5.9d 5/2 F 

!~6Eu33 4.65d 4 F 

!:'Eu .. 22d S/2 F 

!!'Eu .. 625 765ns [11/21 +6.0 J 
!:"Eu ll5 54d 5 F 

!:9Eu 86 93d 5/2 F 

!!9Eu 86 497 2.43fLS [11/2] +6.1 1 
~!OEu., 12.5h o· F 

!~ 'Eu sa 5/2 +3.4631 b 240 +1.1 s B F G I 

[+3.466] 

!~IEu88 21.7 9.4n8 7/2 +2.57 2 +1.8' I 

!~2EulJ9 13y 3 -1.937 13 +3.0' B F G 

!~2EulJ9 49 9.3h O· F 
!;3Euoo S/2 + 1.S30 II +2.8' B E F G 

!:3Eu oo 97 200ps [S/2] +3.2 I 

or -0.5 

!~3Eu90 103 3.8ns [3/2] + l.Sb I J 
!~'EU9' 16y 3 ±2.001 14 +1.9' B G J 
!~5Eu.2 lOS 400ps [5/2] +2.5 J 

!!5Gd 81 22.9m 1/2 F 

!!'Gd33 38.5h 7/2 F 
!!9Gd ss 9.4d 7/2 F 

!! 'Gd., 120d 7/2 F 

!!'Gd .. 344 29ps [2] + 1.0 J 
!!3GdlJ9 242d 3/2 F 
!:'Gd oo 123 l.18n. [2] +0.84 1 J 
!!4Gd oo 371 39ps [4] J 
!!5Gd., 312 -0.2584 18 +1.6 s -1.6 B E F G I 

!!5Gd., S7 6.66n8 5/2 -0.93' 1 -±0.2' I J 
!:5Gd •• 105 Lin. 3/2 +0.4' ~±lr I J 
!:6Gd •• 89 2.22ns [2] +0.72' ±1.2' I J 
!;6Gd.2 288 llSps [4] + 1.4 J 
!:6Gd.2 1513 190ps [4] +3.1 J 
!!'Gd •• 3/2 -0.3388 24 + 1.7' B F G 

!!'Gd.3 64 460n. [5/2] ±3.0' ] 

!:sGd .. 79.5 2.49n8 [2J +0.73' 1 ±1.a' I J 
!:9Gd 95 ISh 3/2 ±0.44 F J 
!:oGd .. 75 2.7ns [2] +0.63 ±1.3' I J 

!~ 'Tb so ISh 1/2 F 

!~'Tb87 18h 2 F 

!~3Tbsa 2.3d 5/2 F 

!~'Tbll9 21h O· F 

!~'Tbll9 ? 8.5h 3 F 
!!5Tb oo S.6d 3/2 F 

!~6Tb91 5.4d 3 ±1.4 +1.4 F J 
!!'Tb92 >30y [3/2] ±2.0 B 

~!8Tb9S 150y 3 ::':1. 75 1 +2.7- B 

!~9Tb .. 3/2 ±2.008 14 +1.3- B F G J 
~~9Tb .. 58 130ps [5/2] ±2 I 
!:oTb.s 72d 3 ±l. 70 1 +2.a B F J 
!:'Th .. 6.9d 3/2 F 

!! IDy 85 18m 7/2 F 

!:2Dy 86 2.4h O· F 
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Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level T1/2 I 11. Diam. Q n Q. Index 

(keV) (hI2'IT) (nm) Corr. (b) (nmb) (b') 

!~3DY.7 6.4h 7/2 :'::0.7 :'::0.14* F 

f.LIQ positive 
!!50Y89 IOh 3/2 :'::0.28 :'::0.9* F J 

JLIQ negative 

!!70y ., 8.lh 3/2 :'::0.31 :,::1.2* F 

f.LIQ negative 

!~·Dy 92 630 ? [6] :'::2.2 J 
!!9DY93 144d 3/2 F 

!:oDy .. 87 2.0ns [2] +0.73 -2 I J 
!!ODy .. 966 2.2ps [2] eO.4 J 

!: 'DY.5 5/2 -0.482 3 +2.4*5 -·+0.6 B F I 

!:'Dy., 26 28.4ns 5/2 +0.67 i +2.4*' I J 

!! 'Oy., 75 3.4ns 3/2 -0.38 + 1.3" I J 
!~2Dy .. 80.7 2.25ns [2] +0.72 I J 
~:3DY97 5/2 +0.676 5 +2.5*' -+0.7 B E F 

!:'Dy .. 73.3 2.39ns [2] +0.70 -2.0*' I 1 

!:'DY99 2.3h 7/2 :'::0.52 +3.3 0 ' F 

!:6Dy 100 82h 0+ F 

!~4Ho87 12m I F 

!~'Ho .. SOm 5/2 F 

!~·Ho .. SSm 1 F 

!;7Ho90 14m 7/2 F 

!;"Ho 9 , 11m 5 F 

!;"Ho.1 67 29m 2 F 

!~9Ho'2 33m 7/2 F 

!~OHO'3 26m 5 F 

~~OH093 60 5.0h 2 F 

!~'Ho .. 2.5h 7/2 F 

!~2Ho95 15m 1 F 

!*'H0 95 -100 68m 6 F 

!~'Ho97 29m 1 F 

!~'HO'7 -46 38m 6 F 

!~'Ho .. 7/2 +4.12 3 +2.7 -+0.8 B F G J 

!~·Ho .. 27h O· F 

!~·Ho .. 9 1.2ky 17] :'::4.1 J 

!!6Er .. 344 47.9ps [2] g -~ ±0.4 J 
•• e 

453 7.83ps [4J 

!;'Er .. 20m 3/2 F 

~:·Er.., 2.3h O· F 

!:"Er.., 193 433ps [2J g .... e~±O.4 J 

356 20.8ps [4] 

434 4.04ps [6J 

!:9Er9 , 36m 3/2 F 

!:oEr92 29h O' F 

!:oEr •• 264 49.8ps [4] g -±0.3 J 

376 7.77ps [6J 

465 4.04ps [8J 

!:'Er.3 3.2h 3/2 -0.369 3 + 1.2' F 

!:3Er .. 75m 5/2 +0.56 +2.2' F 

~:·Er .. 92 1.6ns [2] :'::0.71 I 

!:sEr 97 IOh 5/2 :'::0.65 ±2.2' F 

/LIQ positive 

!:6Er 98 80.6 1.82ns [2] +0.63 -2.0* I J K 

~:'Er •• 265 I 120ps [4] +L2 -2.7 J K 

!:"Er 98 787 ? [2J +2.0 K 
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Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level Til' I /L Diam. Q n Q. Index 
(keV) (h/21T) (nm) Con. (b) (nmb) (b') 

!:'Er .. 7/2 -0.564 4 +2.83 5 B F 
!:"Er loo 80 1.91n8 [2] +0.65 I J 
!:"Er loo 264 120ps (4) + 1.2 -2 J K 
!:"Er 100 -7800 ? [4] -0 J 
!:"Erloo -7800 ? 13] :!::6 J 
!:'Er 101 9.4d 1/2 +0.513 4 F 
!!OEr 10. 79 1.90ns [2] +0.64 -2.1* I J K 
!~OErlO' 261 135ps [4] :!::1.2 -2 J K 
!~ IEr 103 7.5h 5/2 :!::0.70 1 :!::2.3' F 

/LIQ negative 

!;9Tm .. 9m 5{2 F 
!:oTm 91 9m 1 F 
!:ITm •• 37m 7/2 F 
!:'Tm •• 21m 1 F 
!:'Tm .. l.8h 1/2 :to.08 F 
!:4Tm., 2m 1 F 

!:'Tm 95 ? 500 6 F 
!:'Tm oo 29h 1{2 :to. 138 1 F 
!:6Tm.7 7.7h 2 :!::0.092 1 :!::1.9· F 

/LIQ positive 
!:'Tm oa 9.6d 1/2 -0.20 F 
!:"Tm .. 85d 3 F 
!:9Tm 10( 1/2 -0.231 2 B F G H 
!:9Tm 100 8.4 4ns [3/2] +0.52 -1.3· I 
!:'Tm 100 118 62ps [5/2] +0.74 I J 
!:9Tm 100 139 320ps [7/2] +1.30 1 QIQIl"~l.O J 
!:9Tm 100 3]6 660n8 [7/2] ±0.15 J 
!:9Tm 100 379 36n8 [7/2] ±0.96 1 J 
!~OTm 101 127d 1 ±0.246 2 :to.59 F 

/LIQ positive 

!~ 'Tm 102 1.9y 1/2 ±0.229 2 F 
!; 'Tm 102 Il7 S5ps [5/2] +0.8 J 
!~ ITm 102 129 362ps [7/2] +1.2 J 

;~9Yb .. 32d [7{2] ±0.6 J 
;!oYb 100 84 1.58ns [2] +0.68 1 negative I J 
:~ IYb 10' 1/2 +0.4919 d 40 B E G H 

i (+0.4930) 

:~IYbIOI 67 900ps [3{2] ±0.35 I 
;~IYb 101 76 2ns [5/2] +1.01 I 
:~2Yb 102 78.7 1.6n. [2] +O.64 b +3 I J 
;~2Yb 102 260 I 132ps [4] -2 K 
;~2Yb 10. 1174 7.95p8 13] +0.66 I :t4 J 
;~SYb 103 5/2 -0.6776 d 54 +3.0 B E G H 

(-0.6791) 

i~gYblO' 79 38pe [7/2] -0.20 J 
;~3Yb 10. 179 36p8 [9/2] -+0.3 J 
;~'YbI03 351 0.45n8 [11/2] --0.7 J 
;~'Yb 104 76.5 1.79n8 [2] +0.68 b 1 I J 
i~'Yb 104 252 ? [4] -2 K 

:~'YbI05 4.2d [7/2] ±O.3 b -:t6 J 
:~·Yb 106 82 1. 76n8 [2] +0.76 I I J 
~~6Yb 106 270 ? [4] -0 K 
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Summary of Nuclear Moment Values and Index - Continued 

Nucleus Leve] TII2 I !J. I~iam. Q n Q. Index 
(keV) (h/27T) (nm) :Corr. (b) (nmb) (b 2

) 

~i7Lu96 54m 7/2 F 
~ ~9Lu98 I.Sd 7/2 F 
~~OLU99 2.0d O· F 
~~ILul00 8.3d 7/2 F 
~~5LuI04 7/2 +2.230 18 +5.6 5 E F G H 
~ ~5Lu 104 114 lOOps [9/2] + 1.9 J 
~i5Lul04 251 42ps [11/2] +1.9 J 
; ~bLu 105 20Gy 7 +3.18 3 +8.0' F G 
~ ~6Lu lOS -300 3.7h 1 +0.318 3 -2.3' F 
~ ;7Lu 106 6.Bd 7/2 +2.24 2 +5.4' F 
-~~1LuI06 971 155d [23/2] +13 J 

;;6Hf 1M 88.4 1.40ns [2] +0.53 J 
;;'Hf 105 7/2 +0.7902 66 +4.5* F G 
;;7Hf 105 113 500ps [9/2] + 1.12 I J 
~~7Hr 105 250 55ps [11/2] +2.6 J 
~~1HrI05 321 660ps [9/2] -0.51 J 
:;8Hf 1JJ6 Ot G 
;;8Hf 106 93 1.50ns [2J +0.58 b I J 
g9Hf 107 9/2 -0.6.38 5 +5.1* F G 
i~OHf lOS o· G 
:~oHf,OS 93 I.SOns 12] +O.61 b 

J 
;~°l-lf 108 309 71ps [4] +2.3 J 

~~ITa 108 7/2 +2.35 2 +3. 8 
E F G 

~:ITal08 6.2 6.8!J.s [9/2] +5.1 +3" I 

~~lTal08 482 lO.8ns [5/2] +3.29 3 positive H J 
~~2Tal09 115d [3] ::+:2.6 J 
;~3Ta 110 5.0d 7/2 F 

;:~W 108 O· G 

~:2W 108 100 1.37ns [2] +0.51 I J 
~:2W 108 329 Mps [4] +0.7 J 
:!2w loa 1289 1.04ns [2] + 1.4 J 
~:2W 108 1374- 2.25ns [3] ::+:0. \0 J 
~:3W 109 1/2 +0.1169 10 E G 

~:3W 109 46 IBOps [3/2] -0.1 1 

~:3W 109 99 "lOOps [5/2] +0.7 I J 
~:4W 110 O· G 

~:4W 110 III 1.26ns [2] to.56 I J 
~:4W 110 364 43.5ps [4J + 1.2 J 
;!SW III 74d 3/2 F 

i:6
w ll2 O· G 

~:6W 112 123 1.0lns [2] +0.65 I I J 
;:6W Il2 399 2Sps [4J +0.8 -3 J K 

;:6W 112 730 4.2ps [2] +0.7 K 

~:7W 113 24h 3/2 F 

~:3Rel08 70d [5/2] ::+:3.1 J 

i:'Re lOS 496 7.89ns [9/2] :t5.3 J 

; :'Re 109 38d [3J ::+:2.5 J 
~~4Re 109 188 165d [81 ±2.9 j 

~:5Re 1I0 5/2 +3.172 28 +2.3' C D E G 

~:6Re 111 90h I + I. 73 I --::+:0.4' F G 

~:7Re 112 60Gy 5/2 +3.204 28 +2.2
s C E G 

~:7ReIl2 206 560ns [9/2] +4.8 J 

~ ~BRe 113 17h I + I. 78 I -::+:0.4' F G 
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Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level TI/2 / p. Oiam. Q n Q. Index 

(keY) (hI21T) (nm) ~orr. (b) (nmb) (b 2
) 

~:40S 108 ? ? [2] -2 K 

~:60SIIO 137 840ps [2J +0.61 1 +1.5 J K 

~:10S III 1/2 +0.0643 6 E G 

~:80s 112 155 7 lOps [2] +0.55 -0.4;-1.3 J K 

~:80S 112 633 5.6ps [2] +0.9 J 
;:908 ! 13 3/2 +0.6565 59 +0.8- E G 

;:°08 114 187 350ps [2] +0.68 1 +0.3;-1.0 J K 

~:oOs 114 548 28ps [4] +0.9 J 
~:20S 116 206 280ps [2] +0.78 1 +1.2;-0.4 J K 

~:20s 116 489 2aps [2] ±O.7 J 

~~ lIr 114 3/2 +0.1454 14 + 1. l' B E F G 

~~ Ilr 114 82 3.8ns [1/2] +0.546 5 I 

~~ llr 114 129 131ps [5/2] +0.5 J 
~~ IIf 114 171 4.98 [!l/2] ±6.1 1 E J 
~~2Irlls 74d 4 + 1.90 2 E F ] 

~~3[rI16 3/2 +0.1583 15 + 1.0s B E F G 

~~3Ir1l6 73 6.2n8 1/2 +0.468 4 I 

~~3Ir116 139 90ps [5/2] +0.6 J 
~ ~4Irl17 17h I :':0.37 F ] 

~:2pt II" 316 35ps [2] +0.93' I J 
~~2pt II. 612 20ps [2] + 1.0' J 
~:2pt 114 785 12ps [4] :':0.9' ] 

~:'PtIl6 o· G 

~:4pt 116 328 35ps [2] +0.6 +0.6;+0.9 J K 

;:"Pt 116 622 44ps [2] +0.4 J 
::'Pt 117 1/2 +0.6022 56 E F G 

~:5pt 117 99 160ps [3/2] -0.60 I I 

~:5pt 117 210 67ps [3/2] +0.3 J 
~:5pt 117 240 230ps [5/2] +0.22 J 
::SPt 117 259 4.1d [13/2] ±0.60 I E J 
~:6pt liB O' G 

~:6ptIl8 356 35ps [2] +0.55 +0.S;+0.6 J K 

~:'PI1l9 20h 1/2 :t.O.S p F 

~:8pt 120 408 19ps [2] +0.5 + 1.2 J K 

~:QAulli 40m I ±0.066 I F 

~:IAu 112 3.0h 3/2 ±0.137 I F 
~:2Au III 4.lh I ±0.0079 1 F 

~:3Au1l4 18h 3/2 ±0.139 I F 

~:4Au1l5 39h 1 ±0.074 I F 
~:5 Au 116 192d 3/2 ±0.147 1 F J 
~:6 Au 117 6.2d 2 +0.588 6 F 

~:6Aul17 596 9.7h 12 :!:5.4 F J 
~:7AUIl8 3/2 +0.14486 137 +0.59 -- +0.01 B E F G H 
~:7AuIl8 77 1.9n8 (1/2) +0.42 I 

~:8AuIl9 2.7d 2 +0.590 6 F 

;!SAu 119 367 123ns [31 ±3.6 J 
~:8AuIJ9 ? 4% [12?] :!:5.6 1 J 
~:9AuI20 3.2d 3/2 +0.270 3 F 

;~OAUI21 ? 18.7h [12] ±6.1 J E J 

~~3HgI03 8.8s 1/2 +0.52 E H J 
~:5HglO' 50s 1/2 +0.50 E H J 
~~7Hg 107 2.4m 3/2 -0.59 1 -0.3 H J 
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Summary of Nuclear Moment Values and Index - Continued 
, 

Nucleus Level TI12 I p. Diam. Q n Q. Index 
(keV) (h/2rr) (nm) Corr. (b) (nmb) (b 2) 

!:'Hg ll3 6h 3/2 -0.6236 60 -1' G H 

!~3Hgll3 140 Ilh 13/2 -1.052 10 +1.2' G H 

!:'Hg Il5 9.5h 1/2 +0.538 5 G H 

!~5Hg 115 176 40h 13/2 -1.038 10 +1.2' G H 

!:'Hg1l7 65h 1/2 +0.5241 51 G H 

~~'Hg 117 134 7.3ns [5/2] +0.96 I J 
!~7Hg 117 299 24h 13/2 -1.0214 99 +1.4' G H 

!:8Hg Il8 O' G 

~:8HglI. 412 22.0ps [21 + 1.1 J 
!:"Hg II. 1/2 +0.50271 d 485 G 

(+0.50415) 

!~'Hgll' 158 2.32n8 [5/2] + 1.0 :!:0.7 J 
!:9Hg Il9 533 44m 13/2 :!: 1.0083 97 +2 H 1 
!~OHgl20 o· G 

!~OHg 120 368 42ps [2] +0.9 J 
~~'Hgl2l 3/2 -0.55671 d 537 +0.44 5 -0.13 D E F G H 

(-0.55830) 

;~2Hg 122 o· G 

!~2Hg 122 439 26ps [2J + 1.2 J 

!~3Hg 123 47d 5/2 +0.86 1 +0.5 G H 

!~4Hg 12. O· G 

:~'Hg 12. 437 46ps [2] +0.8 J 
!~5Hg 115 5.5m 1/2 +0.597 6 H J 

!~3TII12 
Ii 

23m 1/2 F 

! ~'T1113 33m 2 :!:0.135 I F 

! ~5T111' 1.2h 1/2 + 1.57 2 F G 

! ~·TlIl5 1.8h 2 ±0.0699 7 F 

! ~7T11l6 2.7h 1/2 + 1.56 2 F G 

!~·TIIl7 S.3h 2 ±0.00121 I F 

! ~8T1117 544 l.8h 7 ±0.64 I F 

! ~·TIII. 7.4h 1/2 + 1.62 2 F G 

!~oT] II. 26h 2 :!:0.03568 35 F G 

!~IT]120 72h 1/2 + 1.65 2 F G 

:~2TlI2l 12d 2 ±0.0565 6 F G 

!~2TlI2I 950 
I 

560p.s [7] ±0.90 1 J 

!~3T1122 1/2 +1.6115 158 E F G H 

!~3Tl122 279 280p. [3/2] +0.16 J 

!~'T1123 3.9y 2 ±0.089 1 F 

!~5TlI24 1/2 + 1.6274 160 E F G H 

!~·TlI25 4.2m O' F 

!~'Pb 122 1274 260n8 [4] +0.22 ±0.3 1 

!~5Pb 123 1014 5.5Sns [13/2J -0.98 1 J 

;~·Pb,,, O' G 

;~·Pb 12' 803 6ps [2J ~O J 

:~·Pb 12. 2200 123p.s [7] -0.152 I J 

;~6Pb I •• 2385 29ps [6] +0.8 J 

~~·Pb ". 4027 200n. [l2] -1.86 2 J 

:~7Pb 125 1{2 +0.5783 d 58 E F G H 

(+0.5881) 

;~'Pb 125 570 129ps [5/2J +0.8 J 

:~8Pb 12. O· G 

:~·PbI26 2615 15ps [3J +1.8 -1.1 J K 

!~·Pb 126 3198 298p8 [5] +0.10 1 
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Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level T". I I-< Diam. Q n Q. Index 

(keV) (h/21T) (nm) Corr. (b) (nmb) (b 2
) 

!~·Bill. 25m 9/2 F 

~~"Bi 111 35m 7 F 

:~IBi1l8 1.8h 9/2 F 

=:2Bi 119 1.6h 5 F 

i~3Bi",o 12h 9/2 +4.59 5 -0.71' F 

:~'Bi I2l 12h 6 +4.25 4 -0.46' F 

=~5Bil22 15d 9/2 -+5.5 F 
:~6Bi 123 6.3d 6 +4.56 5 -0.21 ' F G 
::7Bi 124 2102 1821-<s [21/2] +3.4 J 
:~'Bil26 >2Ay 9/2 +4.080 41 -0.38 5 +0.5 0 E F G 
:!OBiI27 5d 1 -0.0442 4 +0.14' F 
;! IBi l28 405 318ps [712) +4.4 J 

::lpO 117 18m 3/2 r 
::2P

Ol18 51m O· F 

::3P
OI19 42m 5/2 F 

::'PO I20 3.Sh O· F 
::'PO I20 -1700 140ns [8] ±7.8 I J 
:~SPOI21 l.8h 5/2 =+0.26 +0.17 F 

::'POl22 8.8d O· F 

!~·POI22 ? 212ns [8] ±7.4 1 J 
::7pO I,,-, 6.0h 5/2 =+0.27 +0.28 +0.11 F 
!~7pO ,"-' 1115 471-<" [13/2] -0.93 I J 
::"Po '24 1530 380ns [8] ±7.3 I J 
::'PO I25 103y 1/2 +0.77 I G 

::'Po 125 >1327 -lOOns [17/2?] +7.5 1 J 
!!Opo 1:!;; 138d O· F 

!!"PO'26 1472 38ns [6] ±5.6 I J 
!!OPO'26 1552 HOns [8] +7.3 1 j 

!!OPO I26 -2800 24n8 [11] + 12.0 1 J 
:!OPO I26 4372 93ns [13J ±7.1 1 J 
!!lpO I27 1064 16n8 [15/2] ±0.4 J 

:~IAtl26 7.2h 9/2 F 
!;IAI I26 1416 SOns [21/2] ±9.4 1 J 
!;IAI 1:!;; 4816 4.21-<" [39/2 ±14 J 

lor 41/2] ±15 

!!'Rn 1:!;; -1700 1.0~" [8] ±7.2 1 J 
~!2Rnl" 186 320ps [2J +0.9 J 

::3Ro us 50 630ps [3/2] +0.42 J 

!!7 Ac III 22y 3/2 +l.l +1.7 G 

:!'Th '3' 7.3ky 5/2 +0.38 -+4.6 G 

:~IPa, .. 34ky 3/2 ±1.98 2 B G 

~~'Pa '4' 27d 3/2 +3.4 -3.0 F 

::'u 14. 162ky 5/2 +0.64 I +4.2" B G J 
::sU '43 710My 7/2 -0.43 +4.9' B G J 
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Summary of Nuclear Moment Values and Index - Continued 

Nucleus Level Til' I /L Diam. Q n Q. Index 

i, (keV) (h/27T) (nm) !Corr. 

!~'Np, .. 2.IMy 5/2 +2.41 

~~7Np, .. 60 63"" [5/2J + 1.3' 

;~aN p 145 2.ld 2 

;!9Npl46 2 .. 3d 512 

~~9Np , .. 75 J .40ns [5/2] t 1.3' 

!!9pU 145 24ky 112 +0.200' 

!: IpU 141 13y 5/2 -0.68' 

;~IAml46 460y 5/2 + 1.59 

!~2 Am 147 16h I +0.383 

;:3Am l48 8ky 5/2 + 1.59 

!:2Cm 146 160d O· 

!!3Cm 147 28y 5/2 ±0.4 

!!SCm 149 8.26ky 7/2 ±0.5 

~!7CmI51 \y 9/2 ±0.4 

!~9Bk 152 314d 7/2 

!!3Es 154 20.5d 7/2 

• No hyperfine structure observed 

* Polarization or Sternheimer corrections included 

• Weighted average 

b Wide spread in tabulated values 

, Atomic beam value of [595t46J adopted 

2 

I 

2 

5 

2 

(b) (nmb) 

positive 

QIQ.,=+1.0 

t5.6 

+4.9 

-2.8 

+4.9 

or and NMR values discrepant. Values in ( )'S based on NMR values 

ENDOR and NMR values discrepant. Values in ( )'S based on NMR values 

I ABMR and NMR values discrepant. Values in ( )'S based on NMR values 

(b') 

• No diamagnetic correction added. Not cerlain of corrections used by authors or if corrected. 

b ABMR and ENDOR values discrepant. Values in [ j's based on ENDOR values 

Mossbauer and PAC values discrepant 

B 

B 

B 
B 

j In the latest adjustment of fundamental constants [73CoTaJ, this value has been increased to 2.7928456 11. 

k Relative value calculated from /L-ratio and /L I 

I Summary value upon which relative /L-values depend 

P Preliminary value from meeting abstract, report, thesis or private communication 

, Relative value calculated from Q-ratio and QS 

Summary value, average of tabulated values unless otherwise marked 
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5. Tables of Nuclear Moment Data 

Table A: Neutron, Proton, and 
Anti-Proton Moments 

Introduction 

Since the methods used for the measurement of 
the moments of the proton, anti-proton, and neutron 
differ appreciably from those used for other particles, 
the available information IS incorporated into a 

separate table. All methods involve an application of 
the principle of magnetic resonance. 

Consider a particle with a spin quantum number 

s=1/2 with an associated magnetic dipole moment f.L 
in a magnetic field H. The particle will become ori

ented in one of two possible states characterized by 

the magnetic quantum number m=+1/2 and m=-1/2. 
The behavior of the particle may be described semi

classically by saying that the spin vector precesses 
about H with a rotational frequency II (Larmor 

frequency) 

v=-yH/27T, 

where the gyromagnetic ratio of the particle IS 

y=27Tf.L/sh. 

If, now, we introduce a weak magnetic field HI 
perpendicular to H and rotating about it with 

frequency II, s will be forced to precess about HI as 

well as H and the particle will slowly change from 

the m = + 1/2 to the -1/2 s tate and vice versa. It is this 
resonance between the applied rotation frequency of 

HI and the Larmor frequency of the particle that 
constitutes magnetic resonance. 

Since the frequency can be measured with very 

high accuracy, the limitation in the determ ination of 

f.L lies in the difficulty of measuring the field H. 
Absolute measurement of magnetic field is extremely 

difficult. Two alternate procedures have been 
adopted for the proton: 

(1) The ratio of the proton precession frequency to 
the cyclotron frequency of either the free electron 

or the free proton is measured. The first yields 

the magnetic moment in terms of eh/47Tmc, the 

Bohr magneton; the second, the moment in terms 

of the nuclear magneton, ehI47TMpc. 
(2) The proton precession frequency is measured in 
terms of the standard ampere which may be 

expressed in units of length, mass and time. 

In computing the magnetic moment of the proton 
in nuclear magnetons from the measured quantities, 

the following conversion factors based on the 

fundamental constants in [69TaPa] have been used: 

f.Lp(in Bohr magnetons)X(l836.109 11)=f.Lp(in nm). 

Total diamagnetic corrections of +0.000073 nm for 
water samples or +0.000079 nm for oil samples, as 
given in [50Th06], have been added to the 
uncorrected proton moments. The uncertainties 
quoted in the table include the uncertainties in the 

conversion factors used. 
Detailed descriptions of the techniques and 

measurements can be found in the original papers 
and in Laukien [58La04J. There is a good discussion 
of the various experiments for the measurement of 
the proton moment and their sources of error in 

Taylor, Parker and Langenberg's article on The 
Fundamental Constants and Quantum Electrody
namics [69TaPa] as well as in the earlier papers by 

Cohen and Dumond [66C036, 65C020]. 
The neutron magnetic moment is measured by 

passing a beam of polarized neutrons through a 
strong magnetic field and inducing a magnetic 

transition with a resonant rotating magnetic field. 

This transition causes a reversal of the polarization 

with a consequent decrease in the neutron intensity 

at the polarization analyzer-detector. The change in 
intensity serves to indicate the resonance condition. 

The uniform magnetic field is measured by a point

to-point determination of the proton precession 

frequency. This procedure yields a value of f.L./f.L p 
subject to the correction for the chemical form of the 

hydrogen in the resonance probe. 
The last systematic literature search for 

information included in the table was in early 1971. 

Explanation of Table A 

I 

Refer. 

Quantity 
Measured 

Method 

(Compound) 

Nuclear spin, in units of h/27T 

Nuclear magnetic dipole moment, In nuclear magnetons, given with diamagnetic correction 

Reference key 

Directly measured frequency ratio, magnetic moment, or gyromagnetic ratio in appropriate units 
These values are given without diamagnetic correction unless otherwise indicated. 

Method by which frequency ratio, moment, or gyromagnetic ratio was measured 
Compound used for measurement 
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Table A: Neutron, Proton, and Anti-Proton Moments 

Refer. Quantity Measured Method (Compound) 

Neutron 

1/2 37S09 Slow neutron scattering from 

ortho- and para - H 2 

-2 I 38POS Non - adiaha tic transitions in a 

rotating magnetic field 

:<: 1. 913002 80 48B29 ",.1(').=0.685001 30 Neutron beam resonance; NMR (H,O) 

1/2 50H67 Reflection from magnetized iron 

negative 50S88 I-'.!I-'. negative Neutron beam resonance; NMR (H 2O) 

1/2 54S90 Neutron beam resonance 

-1.91315947 56e57 w./w p=O.68S057 17 Neutron beam resonance and proton 

resonance over same field (H ,0) 

p,.oton 

1/2 27DOI Specific hea t 

1/2 29MOI Band spectra 

1/2 30H02 Band spectra 

+2.785 2 39Kl2 Molecular beam magnetic resonance 

(H"IID) 

:<:2.79283 II 49TOI gig }(C8,'S '/2)= 15. 1911xlO-< Atomic and molecular beam magnetic 

gig J(ln, 'p ,/,)=45.6877xlO' resonance (N aOH) 

I-'p=(15.2106" 6)10-'1-'8 

:!:2.79249 20 50B73 w./w o,o=2.79242 20 NMR (H,O); decelerating cyclotron 

51110 

positive 50588 NMR (H 2O) 

:!:2.79288 6 SOT07 ")1.=(2.67523 6)IO"r'8 -'T- 1 NMR in magnetic field 

:!:2.79292 6 (65C020) )'p=(2.67534 aC 6)IO"ros·1r1 determined by force 

±2.79292 7 (65Hu]3) ")Ip=(2.67527 c 6)10 8 ros-1T-1 on straight w ire carrying 

:<:2.792914 (69TaPa) ")1.=(2.675231 ""26)IO"r'8 -IT-1 known current (H 2 O); 

strong field measurement 

±2.792744 SIG3] w./w.=657.4758 NMR (oil); measured cyclotron 

1-'.=(15.20970 18)10-4/LB frequency of free electrons 

0;2.792754 (69TaPa) 1-'.=(15.21016' 19)10-41-'8 

52K32 g J(H,'Sl/2)/g.=658.2171 6 ABMR and NMR (oil) in same 

:!:2.792787 17 (69TaPa) 1-'.=(15.210355' 13)10-
4
I-'s field 

:<:2.792764 60 51S34 w./w.,,=2.79268560 NMR (oil); omegatron 

:!: 2.792763 60 (69TaPa) wp/wc,,=2. 792690' 60 

54Bell g ;(H)/g=658.21734 19 Mic; NMR (cylinder of oil) 

:!:2.792784 17 (69TaPa) /Lp=(IS.2103347'i 65)1O-4/Ls 
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Table A: Neutron, Proton, and Anti-Proton MOInents - Continued 

I /.I. Refer. Quantity Measured Method (Compound) 

±2.79281 4 55C36 "'.lw".=2.792734 NMR (H 20); decelerating cyclotron 

±2.79275 10 561'19 "'p/w.y.=2.792675 100 NMR (H,O+FeCI 3); decelerating 

cyclotron 

±2.793158 56W41 1'.=(2.67549 8)10"r08 -IT- 1 NMR in a field determined by the 

dimensions of and current in an 

iron-free coil (H 2 O) 

57G89 g j(0)/g=658.2162 8 Mic; NMR (cylinder of oil) 
±2.792788 17 (69TaPa) /.1..=(15.210360'; 23)10-4 /.1.8 

±2.79277 3 580r05 1'.=(2.67513 2)IO"ros -IT-1 Free precession in the field of a 
±2.79277 2 (65Co20) y.=(2.675192'c 8)1O"ros-1T-1 lltandard solenoid (H 2O) 
±2.792782 (651! u 13) y. =(2.675137 c ll)lO"ros -IT-1 Sec 680r06 below 

59H32 w.lw.=657.4501 NMR (H 2) 

±2.79277 3 (69TaPa) /.1..=(15.210280" 12)10-4 /.1.8 

59L!5 g j(H)/g=658.215909' 44 Mic (H+H,+buffer gas) 
±2.792781 17 (69TaPa) /.I..=(15.2099284'J 10)10-4 /.1.8 

±2.79280 2 59L54 w./w.=657.4623 NMR (oil); measured cyclotron 

/.I..=(15.210007)10-4 /.1.B frequency of free electrons 

±2.792812 (69TaPa) w.lw.=657.4620 45 

/.1..=(15.21046' 10)10-4 /.1.8 

±2.79290 6 61Bol1 w.,.(H;Jlw d = 1.65957 28 cyclotron frequency of H; and NMR 

(D,O+CuCI,o2H,O) in same field; 

w.lw d=6.S14411 3 NMR (D,O+CuCI,o2H 20; H 2O+CuCI 2) 

Used M .IM(H~=0.49986388 50 

±2.792881O 61Ca20 1'.=(2.67530' fO)lO"ro. "r 1 NMR in known magnetic field 
±2.79283 10 (65Co20) I'.=(2.6752S'c JO)lO"ro. -IT-I 

±2.79288 10 (65HuI3) y.=(2.67S23 c fO)lO",". -IT-1 

±2.79277 b 5 63S804 w./wcy,=2.79267650 NMR (H,O+MnSO.): decelerating 
±2.79277 7 (69TaPa) w./w.,,=2.79270" 7 cyclotron 

tIncludes additional corrections 

±2.79280 2 63Sa05 w./w.=6S7.4621 25 NMR (liquid paraffin); measured 

1'-.=(15.21043' 6)10-4 /.1.8 cyclotron frequency of free electrons 
±2.79281 15 (69TaPa) 1'-.=(15.2]046' 84)10- 41'-8 

±2.79277 2 63Vi04 I'.=(2.67S13 1)108ro. -IT- 1 NMR in weak magnetic field (H,O) 
±2.792762 (65Co20) l' .=(2.67518SaC 8)10·r08 -IT- 1 

±2.79278 2 (65HuI3) y.=(2.675132 c 8) 10 8ro8 -IT-I 

±2.792763 (69TaPa) 'Y.=(2.67S144"16)IO"ros-1T-1 

±2.792862 65Ma25 /.1..=2.79279 2 cyclotron frequency of 'He +, '"Nc'·. 

(69TaPa) /.1..=2.792794' 17 >ONe'; NMR (H,O+CuCi,) 

+3.03 66Be50 ,),.=-(2.93)108
'"8 -IT- 1 NMR in weak rotating rf field (H 2O) 

±2.792782 17 66MyOl g J(H,'Sl/,)/g=658.21049 20 MASER 

1'-.=(15.2103264)]0-4 /.1.8 

(69TaPa) g )(H)/g=658.21053 d 20 See 70Wi22 below 
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Table A: Neutron, Proton, and Anti-Proton Moments - Continued 

I I" Refer. Quantity Measured 

:':2.79273 66Ya07 1'. =(2.675071) \O"r08 -IT- I 

:':2.79274 c l' p =(2.67510 c ) \O"r·s -'T- I 

:':2.79277 4 (69TaPa) 1'.=(2.675105" 20)\08 r ' 5 -IT- 1 

:':2.79267 J 2 67Ma17 

:':2.79267 d 13 (69TaPa) 1".=2.79260 dI 13 

:':2.792815 67Pe09 ,v.lw"c=2.79274 5 

:':2.792773 68Dr06 1'p=(2.6751526)IO"ros-IT ·1 

(69TaPa) 1'. =(2.6751465") 108ros -IT- I 

(69TaPa) 1'. =(2.6751555 ")l08 r•s ·'T-' 

(69TaPa) 1'.=(2.6751526'")10 8
r'8 -IT I 

:;:2.792773 30 (69TaPa) l' •.••• ={2.6751525"99)1O"ros -IT- I 

:':2.79276 3 68Ha49 1'.=(2.67513811)IO"r'8- IT- I 

(69TaPa) 1'. =(2.6751392'°86) lO"r·s -''1'-1 

:':2.79278218 68Kl02 w./w c =(l5.2099441 11)\0-' 

w./w.=(l5.2103299)10-· 

:':2.79278 3 68S127 1'.=(2.67516214)10"ros-IT-' 

:':2.79275 (69TaPa) l' .=(2.6751349'°) 10"ros -1'1'-1 

69Te08 1'. =(2.67512)10 8ro• -1'1'-' 

:':2.79276615 70Wi22 g }(H)/g.(H)=658.210705 i 6 

Anti-Proton 

-1.8 12 62Bul9 

• Includes diamagnetic correction 

b Includes diamagnetic and paramagnetic corrections 

C Corrected [or standard BIPM ampere 

d Includes corrections sent by experimenters to compilers 65C020 or 69TaPa 

Method (Compound) 

NMR in strong field (H 2O) 

Determined from existing time-of-

flight and magnetic analysis data 

on 27 AI(p, 1')2"S; reSonanace and 

'Li(p.n)'Be threshold 

NMR (H 20); omegalron (H;; HD+; D;) 

Free precession in the field of a 

standard solenoid (H 2O) 

[Fredericksburg, Va. 1958] 

(Washington, D.C., 1960-1967] 

[Gaithersburg, Md. 1968] 

Free precession in an air-core 

field-coil system (H 2O) 

NMR (H 20+O.2M CuSO, in cylinder); 

cyclotron resonance of electron 

Free precession in field of 

Helmholtz coils (H ,0) 

Value adopted by BIPM for spherical 

sample of H 2O 

MASER (atomic H) 

Dou ble scattering 

• Value corrected for solution concentration, shape of holder, and shielding of electrons and neighboring molecules 

, For spherical container of H ,0 

• In terms of NBS as-maintained Ampere 

• Includes corrections for beller values of "g", the acceleration of gravity, and the diamagnetic correction 

, Calculated using 1".=1.0011596391"., g t=g 8(1 -17.75 ppm), o-(H,)=26.6 3 ppm, 0"(H,0)=26.0 3 ppm, and 0"(oil)=29.7 6 ppm 

i Calculated using g }(H)/g.(H)=(g s/g.)(l-0.204 ppm). See [69TaPal. page 324. 
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Table B: Nuclear Moments 
by 

Paramagnetic Resonance 

Introduction 

Paramagnetic resonance provides a means of 
studying the Zeeman levels of a paramagnetic system 
which may be ionic, atomic, or molecular. The 
sample can be in the form of a gas, crystal, or 
solution. To be paramagnetic the system must have 

one or more electrons which are magnetically 
unpaired. 

When the sample is placed in an external magnetic 
field, the interaction of the electron with the field 
causes a splitting of the electronic states. The 
interaction of the electron with the nuclear magn,,:tic 
moment causes each of these states to be split again 
into 2l+ I levels (see figure 1). In practice, the sample 
is placed in a resonant microwave cavity in the region 
where the microwave magnetic field is perpendicular 

to the external magnetic field. The microwave 
frequency 110 is maintained constant and equal to the 

natural frequency of the cavity while the external 
field is varied slowly. When the energy difference 
between two levels, for which a transition is allowed, 

satisfies the condition 1£2-£ ll=hv., an absorption of 
microwave energy is observed. 

The nuclear spin 1 is indicated by the multiplicity 
(21+ 1) of the spectrum. The magnetic moment can be 
calculated from the spacing of the resonance lines if 
wavefunctions for the electrons for the appropriate 
atom or ion are available. The ratio of the magnetic 

moments of two isotopes can be determined simply 
from the relative splitting factors of the respective 
resonance patterns. If the nuclear magnetic moment 

of one isotope is known from a technique such as 
nuclear magnetic resonance, which gives a rather 
precise value of the magnetic moment, the moment 
of the second isotope can be determined from the 
ratio with greater accuracy than by direct calculation. 

A variation of the paramagnetic resonance method 
for the determination of g 1 is the Electron-Nuclear 

Double Resonance (ENDOR) experiment described 
by Feher [56Fe43] and by Pipkin and Culvahouse 
[58Pi43]. In a strong field the ground-state energy 

level is split into states specified by m J and m [. 
Figure 2 represents a typical splitting for a case in 
which J= 1/2 and 1= 1. The transition labeled A, (m F 
+ 1/2,m F-l) +-lo (m F-I/2,m F-I), can be induced to 
saturation with a strong microwave signal. The 
transition labeled B, (+1/2,0) +-lo (+1/2,-1), can be 
induced by an appropriate radio frequency signal, 
which then decreases the population of the (+ 1/2,-1) 

state and increases the microwave absorption. 

Similarly, the transition labeled C, (-1/2,-1) +-lo 

(-1/2,0), can be induced and detected. Since the 

difference between pairs of m I transition frequencies 
such as these depends only upon the interaction of 
the nuclear moment with the external field, the 
nuclear g I-value can be calculated directly. 

The interaction of the nuclear quadrupole moment 
with an inhomogeneous electric field at the nucleus 
causes second-order shifts in the levels, from which 
the quadrupole coupling constant can be determined. 
The evaluation of the quadrupole moment from the 
coupling constant depends upon a calculation of the 
field inhomogeneity at the nucleus, which may be 
uncertain by a few percent. In addition, the nuclear 
electric quadrupole moment causes a polarization of 
the atomic core electrons (Sternheimer effect) which 
can affect the evaluation of the field gradient by tens 
of percent. 

A very thorough discussion of the method and 
theory can be found in a recent book by Abragam 

and Bleaney [70Ab20j. Earlier helpful reviews include 
those by Low [60Lo05] and Bowers and Owen 
[55B056]. Data on observed g J or splitting factors 
have been omitted intentionally since these are 
characteristic of the lattice as well as the nucleus in 

question. Paramagnetic resonance data on crystals 

are given by Bowers and Owen [55Bo56], Orton 
[590r36] and Konig [66K025]. 

The last systematic literature search for 
information included in the table was in early 1971. 
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FIGURE I. Schematic Zeeman energy level diagram for a state with J = 1/2, 1=2. The applied 
magnetic field H increases to the right. The spectrum for the hyperfine components 

of an m./ = + 1/2"'" -1/2 transition is shown below. 
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FIGURE 2. Schematic diagram of the energy levels and transitions involved in a typical 
ENDOR experiment. Transition A (Llm.j =±: 1) is saturated by an intense micro· 
wave signal. The application of an rf field makes possible the observation of transi· 

tions Band C (Llm,=±l), from which Iff may be determined. 
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NUCLEAR SPINS AND MOMENTS 871 

Explanation of Table B 

Chemical symbol with Z- and A-numbers 

Half-life of radioactive nucleus 

Nuclear spin, in units of h/27T 

Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction. See 
Policies, Diamagnetic corrections, for factors used 

Nuclear electric quadrupole moment, in barns, as given by the experimenter 
Values marked by an asterisk, *, indicate that the experimenter has made some polarization or 

Sternheimer correction in computing the moment. 

Reference key 

Ratio of the magnetic moments of the indicated pair of nuclei as determined by the relative 
spread of the resonance pattern or by the ratio of the magnetic interaction constants 

Values marked with an 'e' are determined from the g-values. 

The valence of the paramagnetic ion and the chemical formula of the crystal used 
For diluted crystals, the chemical symbol of the element which is replaced by the element 

under study is italicized. The number of waters of crystallization is represented by the 
italicized number following the dot. 

Example: ZnK2(S04)206 for [;IiCo indicates that a small fraction of the Zn atoms are replaced 
by 56CO atoms. 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table B: Nuclear Moments by Paramagnetic Resonance 

Nucleus 1'1/2 i J.L Q Refer. J.L 1/ J.L' Valence and 

Lattice 

;H 56W46 ",v('S 1")= 1420.40580 6 

MHz 

i4N :':0.014' 65Ev09 N impurity in diamond 
;4N +0.057 to 65Lol2 N impurity in diamond 

O.OIH 

:tDepends upon choice of q. the field gradient al 

the nucleus 

!70 -0.026* 3 57K27 Atomic 0 
!'O -0.0205' 62K022 
!'O -0.0256*'5 68Sc18 a=-219.61 5MHz 3p ,state 

(65Ha35) b=-10.438 30MHz 

a=4.738 36MBz 3p I state 

b=5.19990MHz atomic 170 gas 
!'O -0.025'<3 69Go12 atomic 170 gas 

(65Ba35) 

!'O -0.0263'< 69Ke07 atomic 17 0 gas 

(65Ha35) 

!'O -0.02578'< 69Sc34 

(65Ha35) 

!9F 6lRal4 ",,,('P 3/,)=4020.0] 2MBz 

;~Mg 512 57W13 MgO, irradiated 

~!p 112 54F41 P doped Si 

~!p ±1.133 E I 695el1 (PO.)'-or (P03)'-

natural CaCO 3 crystal 

~!p 14d I -0.2S23 E 3 57F32 32p in 5 i plates 

~!S 312E 65Lu06 1+ 5 doped 5i 

~;Ti 512 61Gal6 3+ 47Ti,(50 4), 

:;Ti 512 62Mc05 3+ A I acet y lacetonale 

!;Ti 5/2 62Wa03 3+ TiCI 3 

~;Ti 68Lo05 47/ •• =1.4001 3+ CaF, 

~:Ti 7/2 61Gal6 3+ 49Ti ,(50 .)3 

:~Ti 7/2 62Mc05 3+ Al acet ylacetonate 

~~Ti 7/2 62Wa03 3+ TiCl 3 

;;V 330d 7/2" :;:4.5 p 57WI7 4+ V-cupferron chelate 

;~V >40]y 6 ±3.34 I 52863 50/ 51 =0.6512 2+ K.Fe(CN) .. 3 

;~V >40]y 6 ±3.3468 53K4! ""/51=0.650] 14 2+ Zn(NH.),(50.).6 

~iv 7/2 51843 2+ Zn(NH.),(SO.),· 6 

;;V 7/2 52863 2+ K.Fe(CN).· 3 

~!Cr 3/2 ±0.58 52B66 3+ K 3Co(CN). 

~!Cr ±0.475 57L50 3+ MgO 

~!Cr -0.03
E* 6lTeOl 3+ A/,03 

tMagnitude and even sign may be wrong, from 

comparison of hyperfine fields and electric field 

gradients for impurities in corundum [63La16] 

;!Cr <+0.05[' 64Ar23 3+ AI 2O, 

-0.024' 

~!Cr -0.4735 E t 4 67Wo04 3+ MgO at 4.2°K 

Uncludes estimated paramagnetic correction 
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Table B: NucJear Moments by Paramagnetic Resonance - Continued 

Nucleus Til, I IL Q Refer. IL'IIL' Valence and 

Lattice 

~!Mn 5.7d 6 ±2.97 15 6lJe04 52/ 55=0.864 2+ La,Mg 3(N0 3),,· 24 

;~Mn 2My 712 ±5.018 7 56D45 53/".=1.4552 2+ powdered SrCl, 

~~Mn 290d 3 ±3.28 6 6lje04 54/,,=0.95218 2+ La 2 Mg 3(N0 3),," 24 

~~Mn 5/2 51B30 2+ ZnSiF6 -6 

~~Mn ±3.469 E 6 60Lu02 1- Mn in Si 

;~Mn ±0.20 4 60Sc17 3+ K,CrO. crystal 

~;Mn ±3.4 651kOI 2+ Mn doped BaTiO, 

~;Mn +3.4486 15 670y02 2+ MgO at 4.2°K 

;~Mn +3.444' 6 67Es04 2+ MgO 

;~Mn ±3.4502'23 67Mi04 y/21T= 10.500 7 2+ CaWO., CaO, ZnS 

kHz/gauss 

~~F'e 1/2 57G16 3+ FeCI 3 and Borax 

;~Fe 1/2 581.64 Fe doped Si 

~!Fe +0.0905 E 7 60Lu02 0 Fe doped Si 

~~Fe +0.09042' 7 651.011 3+ Fe,03 diffused in MgO 

;!Fe c::0.09054 E 15 70Cal5 3+ natural Fe impurity 

in CaO 

;~Co 77d 4 C::3.822 15 56B69 56/ .. =0.8283 2+ ZnK,(SO.}," 6 

;~Co 77d 4 C::3.83112 56J06 59/ 56=1.2052 2+ ZnK,(SO.),. 6 

~;Co 270d 7/2 c::4.624 56B69 57/ 59=1.00 J 2+ ZnK 2(SO.),. 6 

;~Co 71d 1,2? c::4.032 14 57038 "'/5.=0.8734 24 2+ ZnK,(SO.),. 6 

58/ 60= 1.0645 20 

;~Co 712 51838 2+ Zn(NH.),(SO.l.- 6 

~~Co 5.3y 5 C::3.781 II 56D08 60/ 59 =0.8191 16 2+ Zn(NH.),(SO.),. 6 

~~Co 5.3y C::3.787 /8 57038 "'/60=1.064520 2+ ZnK,(SO.),. 6 

~~Ni 312 58W52 Ni, As doped Ge 

~~Ni :<::0.9' 62Bel5 2+ Ni doped Ge 

Ni doped MgO 

~!Ni c::0.748 E 7 63Lo05 2+ AI,03 

~!Cu c::0.1I 51A28 2+ Tutton salts 

~:Cu -0.163 55B21 2+ La,Mg 3(N0 3)12" 24 

~:Cu 63BI27 A 63/ A 6S=0.933559 E 7 3+ A/,O, 

~!Cu 68Ma22 63/.5=0.93288 2+ Mg(C,H 3O,}, 

~:Cu -0.152 69Ri07 2+ ZnWO. 

:!Cu c::O.ll 51A28 2+ Tutton salts 

~:Cu -0.153 55B21 2+ La,Mg,(N0 3)'2 24 

~~Cu 67Ga03 "'/",= 1.063 2 2+ doped ZnWO.crystal 

:;Cu 0.142 69Ri07 2+ ZnWO. 

~;As 3/2 54F41 As doped Si 

~~As 26.5h 2(1 ?) -0.9035 58P43 76/ 75=-0.62934 As doped Si 

~~Sr 9/2 +0.154 65Cu05 n irradiated SrO crystal 

:~Nb C::6.17 16 69Kil9 4+ CaWO. 

:;Mo 5/2 56004 5+ K 3(lnCl.)" 2 

:~Mo 5/2 56004 5+ K,(lnCI 6)' 2 

::Tc 210ky 9/2 58L62 4+ K,PICI. crystal 

::Ru 512 52GI9 10'/..,= 1.09 3 3+ Co(NH 3).CI 3 

::Ru 68Ya06 10'/..,=1.12 3+ TiO,(4.2°K) 
!:IRu 5/2 52GI9 3+ Co(NH 3).CI, 
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Table B: Nuclear Moments by Paramagnetic Resonance - Continued 

Nucleus Til' I !J. Q Refer. J.L' / J.L 2 Valence and 

Lattice 

!~om Ag 253d 6 :;:3.55t 4 66EaOI 2+ [(iso-C ,H ,),NCS,lAg 

tlncludes L!.(hfs anomaly) correclion=(3.7 10)% 

!~9Sn 67Su06 119/117 = I. 046 2 3+ Sn doped ZnS 

~;'Sb :+::3.3600 E 17 58£03 121/",=1.314376 Sb doped Si 
g'Sh 2.8d 2 -1.904£20 58P45 '22/",=-0.56784 Sb doped Si 

::'Sb :+::2.5484 E 10 58£03 Sb doped Si 

!!ICe 33d 7/2 :+::0.899 57K13 3+ La,Mg3(N0 3)12' 24 

::'Ce 33d :+::1.18'12 62Li06 

!!JCe 33d :+::0.968' 30 63BI25 

~:'Pr 5/2 5lD28 3+ PrCI,' 7 
~:IPr 5/2 :+::3.9420 58B35 3+ Y(C,HsSO.),· 9 

::'Pr 5/2 :+::4.6 58Hu17 3+ LaCl, 

!!'Pr :+::4.0' 62Fr14 

~:'Pr :+::5.1' 3 62Li06 

(58B35) 

!! lpr :+::4.24' 10 63BI25 

!~3Nd 7/2 :+::1.04 :+::<1 55BI51 '43/'<5=:;:1.6083 12 3+ La(C,HsSO.ho 9 

~~'Nd 7/2 57Kl3 '43/'45 =:+:: 1.614 2 3+ L",Mg3(N0 3)12' 24 

~~'Nd 7/2 :+:: 1. J 58Hn17 3+ LaCl, 

!:'Nd :+::0.99' 62Fr14 

!~3Nd -1.086' 60 +0.020630 62Ha29 3+ LaCI 

!~'Nd :': 1.24 c 20 62Li06 

(55Bl51) 

~~3Nd :+::1.\010 66£r08 '43/ ,45 = 1. 60892 10 3+ LaCl, at 14,4·K;H.=0 

= 1.60886 29 3+ La(C,HsSO.ho9 at 4°K; 

Q'43/Q '<5=-U.4565 H.=O 

tSome confusion of signs in paper 

!~SNd 7/2 :+::0.64 :+::<1 55B151 3+ La(C,H,SO.),·9 

!~SNd 7/2 :;:0.7 58Hu17 3+ LaCI, 

!:sNd +0.675 E 40 +0.0105 20 62Ha29 14'/145=+ 1.608834 3+ LaCI 

Q 14'/Q ,<5=+ 1.96 2 

!~5Nd :+::0.7r 20 62Li06 

(55BI51) 

!~'Nd :+::0.687 66£r08 3+ LaCl,;H .=0 

3+ La(C,H,SO.>'·9; li.=O 

~~7Nd lid 5/2 :+::0.566 57K13 14'/147=:;:1.8442 3+ La,Mg,(N0 3),,·24 

!~7Nd lId :;:0.589 30 62Ha29 ('43/'47= 1.844 2) 

!~7Nd Ild :+::0.67' 7 62Li06 

!~7Pm 2.6y 7/2 :+::3.03 61S118 3+ La(C ,H ,SO .),-9 

!~7Pm 2.6y 1:2.55' 6 638125 

!:'Sm 7/2 52821 '47/,..=:+::1.2228 3+ La(C ,H ,SO .),-9 

!~'Sm :+::0.83 15 :,:<0.7 55BI51 3+ La(C,H .SO.),·9 

!~7Sm 7/2 :':0.86 58Hu17 3+ LaCl, 

!:'Sm :+::0.85' 62Frl4 

!~7Sm :;:1.04' 18 62Li06 

(558151) 

!~7Sm :to.812' 22 638125 

!~'Sm 7/2 52821 3+ La(C,H ,SO .),09 

!~'Sm :;:0.68 10 :,:<0.7 558151 3+ La(C,H .50.),'9 

~:'Sm 7/2 :+::0.75 58Hu 17 3+ LaCI, 
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Table B: Nuclear Moments by Paramagnetic Resonance - Continued 

Nucleus T'I' I I'- Q Refer. 1'-'/1'-' Valence and 

Lattice 

!;9Sm :'::0.85< 15 62Li06 

(55BI51) 

~~9Sm :'::0.656< 18 63Bi25 

!~IEu 5/2 55816 '51/,,,=:'::2.24 3 2+ SrS phosphor 

!;'Eu 57A05 151/,,,=±2.264 6 2+ KCI powder 

!;IEu 5/2 57MI9 15'/,,,=+2.24 2+ SrS·Eu 

!~'Eu +3.465"2 62Bal2 15'/153=2.2632' 26 2+ Car. 
lSl/ 153 =2.25313 15 

!~IEu 69Ab12 '51/'53=2.263 14 2+ ThO, at <77°K 
Q'5'/Q'''=0.3918 

!~IEu +3.468*[ 2 70Kil3 15'/15,=2.266£5 2+ CaWO. 
A "'fA 153=2.25333 

QI5'/Q'''=0.3919812 

:j:Spherical average; g ,anisotropic. 

Note: Assuming a linear dependence of g 

and g ,on Q:, the spherical average 

quadrupole coupling, they get 

g=2.0027 and 1'-~,=3.454 

al Q:=O. 

!~'Eu 13y 3 ±1.932 57A05 15'/15I=±0.557460 2+ KCI powder 
!~2Eu 13y 3 :': 1.96 2 57M19 151 1152= ± 1. 77 2 2+ SrS·Eu 
!;'Eu 5/2 :t1.552 55B16 "1/ 153=2.243 2+ SrS phosphor 
!;3Eu E +1.531 2 62Ba12 2+ Car, 
!!'Eu +1.53U E 3 70Ki13 :j:Spherical average; g ,anisotropic. 

!!'Eu 16y 3 ±2.000 6 57A05 1541 '53=± 1.308 4 2+ KCI powder 

!!'Cd 3/2 :'::0.232 56L29 153/
1S7

=:'::0.757 3+ Bi,Mg.(NO.)12·24 

!!'Cd 3/2 ±0.240 4 57M55 155/,57=:;:0.73612 3+ SrS·'''Cd 

!!'Cd 59L63 15'/'57=±0.749545 3+ ThO,·Cd 
!:5Cd 60He17 155/

157
=±0.763 6 3+ CaWO. 

!!'Cd :'::0.28< 4 63BI25 
!!5Cd -0.2543 65Hul4 ('''/,.7=0.749545) 3+ ThO, 

!!'Gd 67M856 15S /157=0.7628 8 3+ ThO, crystal 

!!5Cd 68Ma48 153/",=0.7624 10 3+ CaCO, 
!:'Gd -0.2585 E 6 69B815 155 /157=0.7633 E 45 3+ CeO. crystal 

A IS'/A 157=0.76215 

!!5Gd 70Ra42 QIS5/Q '57=0.94 I 3+ YPO.crystal 

!!'Cd 312 ±0.306=1= 56L29 151EU/'51Gd =± 11.3 3+ Bi.Mg,(NO')12"U 

fUsed JL("'Eu)ua<o=< ... =3.440 I 
!!7Cd 3/2 :'::0.327t I 57M55 ISlEu/ 1S7Cd=±1O.60 3 I 3+ SrS·'57Cd 

:j:Used JL('·'Eu)u.< ......... d=3.440 I 

!!'Cd ±0.38" 5 63BI25 

!!'Gd -0.339£ 3 65Hul4 3+ ThO, crystal 

!!'Cd -0.3381 E 6 69B815 3+ CeO. crystal 
-0.3395£ 6 3+ ThO, 

!;'Tb >30y [312] ±2.0 I 68E804 3+ Y(C.H sSO.),o9 
!;8Tb 150y 3 :'::1.7537 +2.75 68E804 3+ Y(C 2H 5 SO.>.·9 
!;9Tb 3/2 ± 1.528 58B35 3+ Y(C.H 5 SO.),·9 
!;9Tb 3/2 :':: 1.5 58Hul7 3+ LaCl, 
!~'Tb :'::1.90' 62Li06 

(58B35) 

!~9Tb ±1.90· 5 63BI25 

!~'Tb ±1.62 63Lo07 Used <r -'>o[ Lindgren 3+ CaF. 
!:9Tb +2.008£ 4 65B849 4+ ThO. 
!:oTb 72d ± 1.697 8 +3.05 68Ea04 3+ Y(C.H.SO.),"9 
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Table B: Nuclear Moments by Paramagnetic Resonance - Continued 

Nucleus T'I' I P. Q Refer. fL'/fL' Valence and 

Lattice 

~:IDy 512 -?O.374 +?1.14 58Pll 163/'61=-1.392 3+ La,Mg,(N0 3)'2·24 
Q'63/ Q '61=+I.J815 

~:'[)y ±O.46 c 5 62Li06 

!:'Dy ±O.455 c 10 + 1.35< 30 63Bl25 
!:lDy -?O.46c 4 650f03 3+ La 2Mg3(N0 3h,·24 
!~lDy -0.472c 12 68MuOl 
!:3Dy 5/2 + ?O.51 6 +? 1.3 4 58PIl 3+ La 2Mg,(N0 3),2 24 

!:'Dy ±0.65c 8 62Li06 

!:'Dy +0.635< 14 + 1.62 c 40 63B125 

!~5Ho 7/2 +3.31 17 +0.77 58B35 3+ Y(C ,H 550 .)3.9 

!~5Ho 7/2 ±3.4 58Hul7 3+ LaCI, 
!~SHo ±3.5< 62Frl4 
!~5Ho ±4.1 c 62Li06 

(58835) 

!~'Ho +4.03c 15 63B125 

!:'Er 7/2 51B09 3+ La(C 2 H.50.)3· 9 

!:'Er ±0.48 :t9.4 55B151 3+ La(C ,H ,SO .k9 

!:'Er 712 ±0.1l 58Hul7 3+ LaCl, 
!:7Er ±4*c 58Mu08 

!:'Er ±0.50c 62Frl4 
!:7Er ±0.58 c 62Li06 

(55BI51) 

!:'Er ±O.563 c 6 63B125 

!:'Er ±0.565 63Ra24 3+ CaF, crystal 

!:'Er ±0.56 65AbOl 3+ Er,O, doped 

ThO, crystal 

!!'Er +3.04 668e25 fL/Q<O 3+ MgO 

!:9Tm 1/2 ±O.24 J 61Ha37 3+ Tm doped CaF 2 

!:9Tm 1/2 ±0.23 2 63Lo07 Used <r-'>o£ Lindgren 2+ CaF', 

!:9Tm ±0.236t [3 65Be34 2+ CaF, 

~g ,corrected for admixlure of r.-excited 

stale 10 [',-ground state 

;~'Yb 1/2 ±O.435 56C2J '73 /17l =±1.39 I 3+ Y(CH 3COO)3·4 

;~'Yb 1/2 ±0.41 5 60LoOI 1731111 = 1.3749 50 3+ CaF ,; site I 

;~'Yb ±0.52 c 6 62Li06 

(56C21) 

;~'Yb ±0.525 63Lo07, Used <r-'>of Lindgren 3+ CaF ,; sile II 

62Lo08 

~~'Yb ±0.50 65AbOl 3+ Yb doped ThO, 

~~IYb 69BalO A I7I/A 173~-3.6302E 4 3+ CaF, 

;~'Yb 5/2 ±0.60 5 56C21 3+ Y(CH,COOl,°4 

;~'Yb 5/2 ±0.575 60LoOI 3+ CaF,; site I 

i~3Yb :':0.63' 62Frl4 

;~3Yb ±0.72c 7 62Li6 

(56C2J) 

;~'Yb ±0.70 5 :':2.62 63Lo07, \73/171 = l. 362 3+ CaF ,; site II 

62Lo08 lJ sed < r -3 > of Lindgren 

:~3Yb :':0.68 65AbOl m/l7l~l.378 3 3+ Yb doped ThO, 

:~'Yb 66Ti04 173/171= 1.383 8 3+ (Yb+P) doped ZnTe 

;~3Yb 68Re06 173/ 171 =1.3782 3+ SrCl, 
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Table 8: Nuclear Moments by Paramagnetic Resonance - Continued 

Nucleus T'/2 I I-' Q 

~~ IIr +0.147 E 8 

;~ IIr 

~~3Ir +0.163 E 6 

~:7 Au +0.1453 E 4 

!~iPa 34ky 3/2 

;~'Pa .34ky 312 ± 1.98 E 2 

~;3U 162ky 5/2 ±0.54 ±3.57 

~;5U 710My 7/2 ±0.38 or 

±0.3J 

;;'U 710My +·!0.35 -?3.88 

;~5lJ 710My ±0.35 ±4.1 

;;'Np 2.IMy 5/2 ±6.0 25 

~~'Np 2.IMy ±2.70t 

!;'Np 2.IMy ±3.2' 9 or 

±2.6't 7 

;i 7
Np 2.1My ±2.14 

±2.96 

~;9Np 2.3d >1/2 

!!9pU 24ky 1/2 ±0.4 2 

~!9pU 24ky 1/2 

;!9pU 24ky 

~:lpU 13y 5/2 ±1.46 

~:!Am 460y 5/2 

::IAm 460y 

::3Cm 2By 5/2 =±0.40t 

;!SCm 8.26ky 7/2 :to.5t I 

:!'Cm 15.4My 9/2 =±0.36t 

!~'Es 20.5d 7/2 ±3.62 50 

• Polarization or Sternheimer correction included 

, Recalculation of earlier data 

Refer. 

69Dall 

70Sull 

690a II 

60Wo02 

60Kyl 

61Axl 

57D40 

56H26 

56BI29 

57D40 

54B7.3 

60Hu14 

65Ei05 

69Lell 

58Al8 

54B72 

58AI8 

70Ko32 

SA-B72 

68EdOl 

67Ea04 

70Ab03 

73Ab03 

70Ab03 

73AbO:{ 

71Ed04 

70Ed02 

E ENDOR (electron-nuclear double resonance) experiment 

m Metastable or excited state 

I-' 'II-' 
, 

Valence and 

Lattice 

,91 /,93 =0.91653 4+ (NH.),PICI. at 4°K 

'91/'93=0.93626 4+ IrCI. in MgO al 77°K. 

irradiated 

Q'93/Q '91=+0.929 4+ (NH.),PtCI. at 4°K 

0 (Cr,Au) doped Si 

4+ PaCI. in C.,ZrCI. 

4+ Cs,ZrC I. crystal 

235/,,,=±0.6512 3+ LaCI 3 

Q'35IQ '''=±1.17 20 

I-'IQ=±0.lf1215 
3+ LaCl 3 

3+ LaCl 3 and ' 35 lJC1 3 
235/'33=0.651 2 3+ LaCI 3 

(NpO,)" 

UO,Rb(N0 3), 

tUsed <r·3>=50xlO"cm· 3 UF.; NpF. 

I Rb(N pO ,)(N ° ,), 
tUBing <r·3 >=50xlO"cm·3 

(NpO,)" 

B/P<O Cs,UO,Ci. at 4°K 

A/P<O Cs,UO(NO,), at 4°K 

(NpO,)'; 

UO,Rb(NO,), 

24'/,..= ±3.53 2 (PuO,)" 

UO,Rb(N0 3), 

(PuO,)" 

UO,Rb(N0 3), 

'49/ 2,.=3.590' 10 3+ CaF, 

(PuO,)" 

UO,Hb(NO,), 

241/,,,= 1.0088 15 2+ CaF, crystal 

24'/2""= 1.008 J 2+ SrCI, crystal 

'''/,.,,=0.79 I. 3+ SrCl, crystal at liquid 

''''1,.7=1.1058 He tern peralu res 

:fUsing /L('''Am) of 66Ar04. Not corrected for 

differences in <,,3> between Am" and Cm'·. 

I 3+ SrCl, crystal 

tU.iog 1-'(24'Am) of 66Ar04 

'45/ 247 = 1.41 I I 3+ SrCI, crystal 

tUsing 1-'(24'Am) of 66Ar04 

2+ CaF ,; cubic sites 

P Preliminary value from meeting abstract, thesis, private communication, etc. 
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Table C: Nuclear Moments 
by Microwave Spectroscopy 

Introduction 

The technique of microwave spectroscopy is used 
in the study of the pure rotational spectrum of gas 
molecules which usually are in the ground electronic 
state. The rotational states are split by the interaction 
of the nuclear electric quadrupole moment with the 
nonuniform molecular electric field at the nucleus. 

One can infer the nuclear spin from the number, 
relative spacing, and relative intenSIties of the 
absorption lines observed in the microwave region. 
The spacing of the lines enables one to calculate the 
quadrupole coupling constant, from which the 
electric quadrupole moment can be determined. In 
view of the difficulties associated with calculating the 
electric field inhomogeneity and the effect of the 
polarization of the atomic electron core (Sternheimer 

effect), the computed values of the quadrupole 
moment are subject to appreciable uncertainties. No 
attempt has been made here to evaluate these uncer
tainties. 

If the substance being studied is placed in an 
external magnetic field, the rotational magnetic 
moments and the nuclear magnetic moment interact. 
with this field giving rise to a Zeeman splitting in the 
spectrum from which J.t can be determined. 

Detailed discussions of the technique can be found 
in Microwave Spectroscopy, W_ Gordy, W. V. 
Smith, and R. F. Trambarulo [53G038] and 
Microwave Spectroscopy, C. H. Townes and A. L 
Schawlow [55T031]. Some of the more recent 
techniques and applications as well as general theory 
are described in Microwave Molecular Spectroscopy 
by W. Gordy and R. L. Cook [70G050]. 

The last systematic literature search for 
information included in the table was in early 1971. 

Explanation of Table C 

Nucleus 

I 

Q 

Refer. 

eqQ ratio 

Chemical symbol with Z- and A -numbers 

Nuclear spin, in units of h/27T 

Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction. See 
Policies, Diamagnetic corrections, for factors used 

Nuclear electric quadrupole moment, in barns, as given by the experimenter 
Values marked by an asterisk, *, indicate that the experimenter has made some polarization or 

Sternheimer correction in computing the moment. 

Reference key 

Ratio of the electric quadrupole coupling constants for the two nuclei indicated 

eqQ Electric quadrupole coupling constant in MHz 
When the quantity is enclosed in parentheses, ( ), the value has not been measured by the author 

quoted, but has been used by him to calculate the value of Q_ 

Compound Compound used 
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Table C: Nuclear Moments by Microwave Spectroscopy 

Nucleus I IJ- Q Refer. eqQ ratio eqQ Compound 

~oB 3 =+0.06 50G1O 10/ ,,=+2.17 +3.36 JO BH3'2CO 
!OB 3 50W03 +3.44 1 H

3
1OBCO 

~ 'B 3/2 =+0.03 50GIO + 1.55 8 BH312CO 

;4N I 46C1O +10 NH, 
:'N I +0.02 48T10 -3.63 JO CICN 
;'N +0.01 50551 -7.07 NF3 
;4N +0.0071 < 55B54 (+4.585) HCN 
:'N +0.016° 7 60Li1O eqQ=-1.7 NO 

eq'Q=22 
;4N +0.0094< 61Ka31 (-4.10) ND, 

~70 5/2 52G26 -1.32 7 17012C32S 

!70 5/2 52M26 160 170 
!70 -0.026 9 57S93 .,-8.1 1 HDO 
!"O O· <0.004 48TlO <I OCS 
!80 O' 51M20 "0'·0; 1·0, 

!9F 1/2' <0.0003 49G28 <0.5 PF J 

~:Si O· 49T09 SiH,Cl 
~:Si 1/2· <0.0001 53W39 <0.05 SiD,F 
~~Si O· 49T09 SiH 3CI 

~!p 1/2· 49G28 PF, 

~!S 3/2 -0.05: ~ 48Tl3 -28.5 7 ocs 
~!S 3/2 +0.634 JO 52E07 -29.07 J 160 "C"S 

~!S -0.06- 53B92 +40 H,S 

~!S -0.058 10 54B40 Several 

~!S -0.056" 62Ko22 

(54B40) 

~:S O· <0.002 48TlO <I ocs 
~!S 3/2 +0.06:~ 5lWll 33/ 35 negative +20.52 OCS 

~!S + 1.00 or 54B05 +21.904 OCS 
-1.074 

~!S +0.045' JO 54B40 (35/ 33=-0.695) Several 

~:S O· <0.01 49L21 <5 OCS 

~~Cl 3/2 -0.077 48TlO Several 
49T17 

~;CI 49G25 35/ 37=+1.27044 -145.9426 FCI 

~~CI 50556 35/37=+ 1.2768 40 -103.6015 BrCI 
~;Cl 51G06 35/ 37=1.26705 GeH,el 

35 /'7=+ 1.2682 6 CICN 
35/ 37=+1.26913 CH.Cl 

~~CI 2 -0.01724 49TlO 36Cl12C "N 

~~CI 2 -0.0168 J 51]21 -15.87 9 CH,CI 
~~CI 2 -0.0164 8 52G04 -15.66 CH.'·CI 
~~CI 2 + 1.31 8 55A23 g36/g 35=:!:1.20 7 -15.8320 CH 3

36CI 
~;CI 3/2 -0.061 48TlO -65.75 "CI 12C"N 

~;CI 49G25 -114.9226 FCl 

~~Mn 5/2 +0.55:~~ 54J16 +16.8 MnO,F 

:~Ga 70Ho23 69/71 = 1.5871 10 -107.078 "GaF 

i:Ga 70Ho23 -67.468 7lGaF 
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Table C: Nuclear Moments by Microwave Spectroscopy - Continued 

Nucleus I f.L I Q Refer. eqQ ratio eqQ Compound 

;~Ge 0' <0,007 49T09 GeH 3 Cl 

~;Ge 0> <0,007 49T09 GeH,el 

~;Ge 9/2 -0,21 10 49T09 -953 GeH 3Cl 

~~Ge -0,2]' 62Ko22 

(49T09) 

;~Ge 0> <0,007 49T09 GeH 3 C1 

~~Ge 0' <0,007 49T09 GeH,e! 

;;As 3/2 48008 -2,)5 AsF, 

~:Se 0 0 49S07 <0,5 OCSe 

~:Se 0> <0,002 SOGOS oes" 

i!Se 5/2 +1.1 2 55A06 "/7.=+L2,S78362 +946,0 oe"se 

i:Se 0 0 49S07 <0.5 oese 

~:Se 0 0 <0,002 SaGOS oese 

;!Se 1/2> 49S07 <0,5 OCSe 

~!Se 1/2' <0,002 SOGOS <1.0 OCSe 

;!Se 00 49S07 <0,5 oese 

::5" 0 0 <0,002 SOGOS OCSe 

~:Se 7/2 -L01815 +0,7 2 53H50 +752,095 oese 

;:S" +0,9* 2 54B40 (752,09) oese 

~:Se +0,8' 62Ko22 

(54B40) 

~~Sc 0' 49S07 <0,5 OCSe 

~~Se 0' <0,002 50GOS OCS" 

~!Se 0> 49S07 <O,S OCSe 

~!Se O' <0,002 SOGOS oese 

;~Br +0,28 48G25 79/ 8,=+1.197 +686,0 BrCN 

+0,24 79/ 8 , =+ L 197 +577,0 eH,Br 

~~Br 3/2 +0,28 48TIO +686,55 BrCN 

;:Br 50S56 79/ 8 ,=+1,196314 +876,8 9 Brei 

;:Br +0,31 51G37 Several 

~~Br 54R43 79 / .,=+1,19711 12 PBr, 

~!Br +0,23 48G25 79/
8
,=1,197 +573,0 BrCN 

+0,19 +482,0 CH3Br 

~~Br 3/2 +0,23 48TIO +573,5 5 BrCN 

~;Br 50S56 +732,95 BrCI 

~;Br +0,26 51G37 Several 

!! 'In 70Ho23 '''/m=LOI394 '15lnF 

g'Sb 5/2 51L24 12'/,,,=+0,791 -455 SbH,O 

::'Sb -08'! 55]30 '21 / '2J=O,784 2 458,7 8 SbH 3 

465.4 8 SbD 3 

! ;'Sb 7/2 51L24 -575 SbH,[) 

!i'Sb 

I 
-LO"! 55J30 586,0 8 SbH 3 

592,8 8 SbO, 

;;', 5/2 ±3.0 10 -0,89 b 58F39 "'/121= 1,127 -2179 1 eH3"" 

~;7 [ 5/2 -0,59 48G25 -1934 CH,I 

, "( 
53 :':2,807 49G19 CH,I 

:;'1 -0,75 49'1'17 Several 

;;71 -0,65 51G37 Several 

;;91 ±2.74 14 49G19 CH,I 

!i 9
, 7/2 -0,S8 b 491.09 '29/ ",=+0,7,')53 -1422 CH,' 

'
291 i -0.47' 51G37 

53 
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Table C: Nuclear Moments by Microwave Spectroscopy - Continued 

Nucleus I 11- Q Refer. eqQ ratio eqQ 

!~ 'I 7/2 -0. 40 b 53L24 131 1127 =+0.5031 -9739 

~~ 'I 7/2 +2.56 12 -0.40 58F39 '31/ 127=+0.5036 -974 J 

;:5Re 5/2 +2.8 54J!6 '85/'.7=+1.06745 +2706 

~:7Re 5/2 54116 +2536 

* Polarization or Sternheimer correction included 

• No hyperfine structure observed 

• Do not see K=8, 6, and 4 lines of 180 2 spectrum, which indicates the spin is zero 

b Calculated from eqQ-ratio and Q127=O.79 as measured by atomic beams 

C Recalculation of earlier data 

Compound 

CH 3
131 I 

CH3I 

Re0 3CI 

ReO,CI 
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Table D: Nuclear Moments 
by Quadrupole Resonance 

Introduction 

In a diamagnetic molecule or crystal, a nucleus 
possessing an electric quadrupole moment will inter
act with a nonuniform electric field arising from the 
charge distribution of its environment. This inter

action causes a splitting of electronic energy levels 
resulting from the possible orientations of the nuclear 

spin with respect to a reference axis. For an electric 

field with axial symmetry, the levels for +m I and -m, 
are degenerate and the spacing between levels with 
m[=±I,±(/-2) ... is given by[3eqQ/41(21-1)]'(21-l), 
(21 - 3) . . ., where mI is the projection of I on the 
axis and q is the electric field gradient at the 

nucleus. Transitions between the levels can be 

induced and detected by radio-frequency absorption 

techniques similar to those 

resonance. The values of the 

constants can be determined 

frequencies. 

used In 

quadrupole 

from the 

magnetic 

coupling 

resonant 

Ratios of quadrupole moments of two isotopes can 

be obtained quite accurately from the ratios of the 

resonant frequencies for the respective isotopes. 

The determination of the quadrupole moment from 

the coupling constant depends upon a calculation 

of the field inhomogeneity at the nucleus which may 

be uncertain by a few percent. In addition, the 

nuclear electric quadrupole moment causes a 

polarization of the atomic core electrons (Stern. 

heimer effect) which can affect the evaluation of the 

field gradient by tens of percent. 

In several cases the magnetic dipole moment has 

been determined from the Zeeman splitting of the 

quadrupole resonance which is produced when the 

sample is placed in a strong external magnetic 
field. 

Details of this method are described by Kruger 

[SIKrSI] and Dehmelt [53De42]. A discussion of the 

theory and instrumentation of nuclear quadrupole 

resonance spectroscopy and its application to solid 
state physics as well as tables of interaction con

stants for several elements in many compounds can 

be found in Das and Hahn [58Da20]. Tables of quad· 

rupole interaction constants can be found In 

[68SeI2] and [69LullJ. 
The last systematic literature search for informa

tion included in the table was in early 1971. 

Explanation of Table D 

Nucleus 

Q 

Chemical symbol with Z- and A-number 

Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction 
See Policies, Diamagnetic corrections, for factors used 

Nuclear electric quadrupole moment, in barns, as given by the experimenter 
Values marked by an asterisk, *, indicate that the experimenter has made some polarization or 

Sternheimer correction in computing the moment. 

Refer. Reference key 

eqQ ratio Ratio of the electric quadrupole coupling constants for the two isotopes noted 

eqQ Electric quadrupole coupling constant in MHz 

Compound Compound used 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 



NUCLEAR SPINS AND MOMENTS 883 

Table D: Nuclear Moments by Quadrupole Resonance 

Nucleus /L Q Refer. eqQ ratio eqQ Compound 

;oB +0.111- 53D13 10 I" =2.084 2 10.31 BC, 
~ IB ±0.05 53B91 (4.87) B(CH,), 

! 'B +0.053- 5:m13 4.95 BC, 

~:S -0.050 53DI6 45.8 S.(rhombic) 

~!S +0.035 53D16 (35/ 33=-0.695 Mic) 

~;Cl 51013 35/37= 1.2688 2 37.5 CHCI=CHCI 

~;Cl 51L09 351,,=l.2687815 5 compounds 

~~CI ±0.8224 10 53T29 NaCI0 3 

~;Cl 55W24 "'/.,= 1.268736 4 compounds al 

to 1.268973 several temp. 

~~CI 66Cal5 "/37= 1.2685 3 CdCl, 

(ferromagnetic) 

~;CI 70Ka25 35137 =1.26877 3 LiCI0 3 dried 

~;C1 51013 29.5 CHCI=CHCI 

~~K ±0.066. d 10 69Jo06 ""/39=1.244" 2 ""KCIO J crystal 

~~Cu 52K29 63/.,=1.08063 65.3 KCu(CN)2 

~~Cu ±2.231 7 57C48 63/.,=1.0811 12 51.964 Cu 20 

~!Cu 66Del7 63/.,=1.08066 Cu 20 

~:Cu ±2.382 7 57C48 48.064 Cu 20 

~~Ga 53D22 69 / " = 1.5867 4 58.1204 GaCl, 

~~Ga 56K66 69/,,= 1.5892 Ga metal 

;:Ga 53D22 36.6304 GaCl, 

;~As ± 1.44 3 52K28 232.524 As.O. 

~~Br ±0.30 51016 7918,=1.19682 764.868 Br2 (crystal) 

;:Br 53K22 79 / .. =1.1970 J 497.0 C 2H sBr 

;~Br 54Scl0 79 / .,=1.197073 average for 

6 compounds 

~~Br ±O.25 51016 638.926 Br 2 (crystal) 

!;'Sb 51015 123/
121

=1.2751· 2 383.66' 4 ShCI, 

~;'Sb 55W24 '''/I2l= 1.274745 10 321.93223 SbBr, 
Q.12'IQ.'21~_O.8 3 eq.Q.=O.030 5 

eqQleq.Q.<O 
~;ISh 57011 '23/.2.=1.2747552 551.38225 Sb 2O" 

Q"23/Q"2'~l.51O eq.Q.=O.OI25 

~;ISb 63He02 '23/ 12,=1.274922 76.867 I powdered Sb 

eq.Q.=+O.O]S 5 

~~'Sb 51015 4B9.21' 5 SbCI, 
;;3Sb 55W24 410.3B14 SbBr 3 

eq.Q.=O.0245 

eqQleq.Q.<O 
;;3Sb 570]] 702.87735 Sb,O, 

eq.Q.=0.OI8 10 

!:'Sb 63Hc02 97.999 J powdered Sb 

eq.Q.=+O.013 30 

;;'1 ±O.69' 52M3 2156' solid I, 
~~71 53L16 121/ ... = 1.4261 0 3 1389.678(5ilc A) Snl. 

1399.949(sile B) 

~~'I ±0.5S b 53LI6 "'/'29= 1.42610 3 974.481 (sile A) Sn[. 

981.654 (sile B) 
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Table D: Nuclear Moments by Quadrupole Resonance - Continued 

Nucleus J1. Q Refer. eqQ ralio eqQ 

!~3CS Q.<100"b' 67TzOl 

~!5Ba 62WilO 137 / 135 = 1. 543 3 

;!'Ba ±0.840 63Nall 137/ 13,= 1.542 2 8.55 1 

!J. 137/!J. 
135 =1 123 y/y,,=0.0997 

!~7Ba ±0.944 63Nall 13.18 1 

)1/')1,,=0.112 

::'8e 57532 1115/
187

=+ 1.0565 

~:5Re 685e09 ]115/ ,.,= 1.0565 3 

~:5Re 70Bu09 1115/]87=1.059£ 14 

;~'Hg ±0.6 54DOI 720 

;~9Bi !i 53R3:-I 
I 

669.06 13 

• Polarization or 5ternheimer correction included 

• Corrected for non-rotationally symmetric field 

b Calculated from eqQ·-ratio and Q 127 =0. 79 as measured by atomic beams 

, Recalculation of earlier data 

d Double resonance experiment 

E Nuclear acoustic resonance experiment 
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Rc,(CO)1O 
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Table E: Nuclear Moments by Nuclear 
Magnetic Resonance 

Introduction 

A nucleus with spin I and an associated magnetic 
moment p.., when placed in a magnetic field Ho, will 
precess so that its spin axis rotates about H 0 with a 
(Larmor) frequency 

If the nucleus is in a medium (gas, liquid, or solid) 
which does not contain a large concentration of 
unpaired electrons, then the field due to the 
neighboring atoms is small compared to the value of 
Ho, which is generally of the order of several 
kilogauss. The field H 0 will cause a splitting of the 
ground state into 21 + I magnetic states, separated in 
energy by p..H oIl, with relative population given by 
the Boltzmann distribution function characteristic of 
the temperature of the sample. The application of a 
rotating field HI, perpendicular to H o , induces 
transitions between the levels when its frequency 
resonates with the Larmor frequency. Because of the 
differences In level occupation, there is a net 
absorption of energy from the field HI at frequency 
I'L' This absorption can be observed electronically. 

In order that this method be applicable, not only 
must the sample be diamagnetic, but also: 1) the 
spin-lattice relaxation time. i.e .• the time taken for 
the spin system to come into approximate thermal 
equilibrium with the lattice, must be a reasonable 
figure (0.1 to 0.001 s); 2) the nuclear interaction 
should be free from large electric quadrupole effects; 
3) the spin density should be high enough so that a 
reasonable signal can be observed. In practice this 
might mean 10 18 to 1020 spins in a volume of 0.1 to 1 
cc in a field of about 104 gauss. 

The precision with which nuclear magnetic 
resonance frequencies have been measured ranges up 
to a few parts in 107

• The corresponding nuclear 
magnetic moments, however, are known to a much 
lower precision. The uncertainty is introduced in part 
because of two small contributions to the effective 
magnetic field at the nucleus which cannot be 

precisely evaluated. 
The effective field can be expressed as 

where H 0 is the externally applied field, H' is the 
diamagnetic effect due to the currents induced In 

the atomic electrons by the external field, and H n is 

the contribution due to the molecular environment. 
Prior to any precise measurements of nuclear 

resonance, H'/H 0 was evaluated (approximately) by 
Lamb [4ILa03] by means of a simple calculation 
based upon the Fermi-Thomas model. This 

calculation was extended by Dickinson [50DilO] using 
Hartree-Fock functions. No account was taken of 
relativity or other possible high-order corrections. 
Dickinson had estimated that the accuracy of the 
correction was about 5%. Since this correction varies 
from about 0.2% for hydrogen to about 1.2% for 
uranium, the quoted uncertainty in the tabulated 
value of p.. is, in many cases, due to the uncertainty 
in the diamagnetic correction. Newer calculations 
based on Hartree- Fock relativistic electron 
wavefunctions show these earlier values of the 
diamagnetic correction are too small. They differ by 
about 1% at low Z, while for Z about 90, they are off 
by a factor of two. Diamagnetic correction factors for 
some closed-shell and closed suh-shell ions can be 
found in a paper by Feiock and Johnson [68Fe05]. 
Average correction factors for neutral atoms have 
been calculated by Lin, Johnson and Feiock [72Jo18]. 
These values take into account the contributions of 
the closed-shell core of the atom and an average 
shielding for the valence electrons in the ground state 
configuration. This average is made over the ground 
state multiplet assigning statistical weights to the 
sub-shells. Such average diamagnetic correction 
factors do not include possible large contributions for 
individual valence electrons. Values of the diamag
netic correction factors, (I-uri == (l + H' / H .)-1, used 
in the tables are tabulated under Diamagnetic 
Corrections (see Policies) along with the newer 
calculated values of Lin, Johnson and Feiock. 

The term HfI I fl 0' the so-called "chemical shift," 
is associated with the ind uced field in the molecular 
environment. This effect has been evaluated 
theoretically in only a few simple cases. If the 
magnetic moment can be measured in a free atom in 
a well defined state, such as by atomic beams or 
optical double resonance, the value of H" III 0 can be 
determined empirically. While differences in HI! IHo 
between different compounds have been observed to 
be as high as 10-2

, the more common values appear 
to be near 10--4 (see Walchli [53W63]). In addition, in 
aqueous solutions H" may also be a function of 
concentration. Much work has been done recently by 
Lutz, Schwenk and collaborators at Tiibingen on the 
effect of concentrations and of added paramagnetic 
salts on the resonance frequency in aqueous 
solutions. For example. see [67Lu06]. [67Lu101. and 
[68Lu07]. In the table, no attempt has been made to 
consider quantitatively the chemical effects. 
Therefore. the significance of any limits of precision 
for the magnetic moments stated to less than 10--4, 
except for the very light elements, should be 
questioned. 

In view of the difficulty of measuring the absolute 
value of H. the tabulated value of p... of the nucleus 
has been calculated by use of the relation 
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where the subscript "a" refers to the nucleus under 
consideration, "p" to the proton, and "b" to a 
reference standard. The value used for I.t~ for a 
spherical water sample, 2.79270, is the weighted 
average of the values of Bloch and Jeffries [50BI73], 
Som mer et al. [51 So:14], Collington et al. [55C036], 
and Trigger [56Trl9], w hose experiments yield the 
magnetic moment directly in nuclear magnetons 
without application of correction factors. Our value 
agrees well with the value v~ = 2.79268 2 (for a 
proton in water) in the adjustment of Cohen and 
DuMond [65C020]. Newer measurements, see 

[73CoTa], indicate that the magnetic moment of the 
proton, measured directly in nuclear magnetons for a 
spherical sample of water, should be increased to 
2.7927740 11, well outside the previously quoted 
uncertainties. 

Yalues of the frequency ratios, iJb/vp , which were 
adopted in order to calculate the magnetic moments 
from relative measurements, are tabulated below: 

2H 0.15350609t 2 45SC 0.24291623 10 
7Li 0.38863618t 8 50y 0.0997015. 10 
IlB 0.3208377. 2 sSMn 0.24789167 6 
14N 0.07226261 1 73Ge 0.03488401 14 
23Na 0.26451775t 7 85Rb 0.096552095+ 54 
27 Al 0.26056752 7 127 I 0.200080. 14 
3sCI 0.09797858 5 I99Hg 0.178788 15 (NMR 
39K 0.0466636+ 7 0.1782706 3 (OP) 
41 

tFrom a least squares adjustment for the g-factors 
for 2H, 7Li, 23Na with g~=5.58540 fixed. 
+Weighted average. 

CODE 

These were calculated from the measured ratios 
which are marked with a t in the table. A least 
squares adjustment was made for g'(2H), g'CLi), and 
g'e3 Na) with g~=5.58540 fixed. The other values are 
either weighted averages of the measured ratios or 
particular measured ratios. A diagram of the most 
precisely measured frequency ratios between pairs of 
these isotopes is given in figure 1. The intensity of 
the line joining the isotopes represents the relative 
uncertainty of the measured frequency ratios. 

In the calculation of the nuclear magnetic 
moments, no error in the value of I.t~ was assumed. 
The uncertainties quoted in the tabulated moments 
represent a composite of uncertainties in the 

experimental values, conversion factors, standard 
frequency ratios, and the assumed 5% uncertainty in 
the diamagnetic corrections. 

While the technique of nuclear resonance is 
primarily useful for the determination of the ratio 
I.t til, in some cases it is possible to determine the 
value of the nuclear spin. If the electric quadrupole 
interaction in a single crystal is of the right order of 
magnitude, the magnetic resonance line may be split 
into 21 components. If these are clearly resolved, 
then the spin and electric quadrupole interaction, 
eqQ, can be determined unambiguously. Several 
spins have been measured or confirmed in this way. 
The width and intensity of a resonance line in a poly. 
crystalline or noncrystalline medium is related to the 
nuclear spin. In principle, therefore, the spin can be 
determined from measurements of line shape. How
ever, distortions due to power saturation and field 
inhomogeneities subject these measurements to some 

RELATIVE UNCERTAINTY 

~ 6 . 1(,7 

10-6 105' 10-6 

10-5 to 5' 10-5 

~ 8 10-5 

FIGURE 1. Diagram 01 relative uncertainities of the more precise frequency ratios lor the 

ground states of the corresponding isotopes. The ratios for those connections marked 

with "Ex" have heen determined by extrapolation to zero concentration. The con

nection marked with "OP" represents an optical pumping measurement. 
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question. The electric quadrupole moments listed in 
this table have been determined either by splitting of 
the resonance line in a single crystal or by line 
broadening in a noncrystalline medium. 

Detailed discussions of these techniques can be 
found in Bloembergen et al. [48BI32], Pound and 
Knight [50PoIS], Andrew [5SAn6S], Pake [S6Pa60], 
Abragam [6IAb08], and Slichter [63SI03] as well as in 
the references given in the general introduction. In preparing the table, the compilers omitted data 

with accuracy about an order of magnitude less than 
that of the other values available. 

The last systematic literature search for 
information included in the table was in early 1971. 

Nucleus 

I 

Diam. Cor. 

Q 

Refer. 

II I v ~ aandard 

Standard 

Chemical 
Forms 

Explanation of Table E 

Chemical symbol with Z- and A-number 

Nuclear spin, in units of h/21T 
Values not measured but assumed in order to calculate jL are enclosed in brackets, [ ]. 

Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction. 
See Policies, Diamagnetic corrections, for factors used 

Moment values which have been obtained by combining optical pumping or nuclear 
alignment with NMR have been tabulated here as well as in Tables H or J, respectively. 

Uncorrected magnetic dipole moment values, based on adopted frequency ratios quoted 
above, have also been tabulated along with a reference to the procedure used to obtain the 
ratio. 

Diamagnetic correction in nuclear magnetons XI04 which has been added to the observed 
magnetic moment to give value quoted in table 

The uncertainty in the diamagnetic correction is assumed to be 5%. 

Nuclear electric quadrupole moment, in barns, as given by experimenter 

Reference key 

Ratio of the measured resonance frequency for the nucleus under consideration to that of a 
standard nucleus 

Values marked with a t were used to obtain adopted frequency ratios above. 

Nucleus used as standard 

Chemical formulae of substances containing the nuclide under consideration and the standard 
The formulae have been separated by a plus sign when the substances were physically 
mixed and by a semicolon when they were in separate samples. 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance 

Nucleus T'I' 
I I 

! j.L I Diam. Q Refer. v/v
l 

standud Stan- : Chemical 
Cor. 

dard Forms 
i (nm 

x 1()4) 

+ :':8.89013' 2 70Ha74 3.183347 9 'H NaOH+H,O; H 20; CH,( j.L CN), 
+ :':8.89009' 12 70Hu19 3.18333044 'H spherical sample H 2O j.L 

iH 1 +0.8574154 0.24 50L06 i 0.15350585 75 'H D,O; H 2O 
;H :':0.857416 1 0.24 51S72 to. 153506083 60 'H D,O+H,O 

:':0.857417 J 0.24 to. 153506125 50 'H D2+H2 
;H :':0.857420 J 0.24 52Ll8 to. 15350668 12 'H 0,0; H 2O 
;H ±01857416 I 0.24 53W23 to. 153506096 8 'Ii HD 
iH :':0.857415 I 0.24 618011 . to. 15350581 7 'H D,O; H,O 

iH :':0.85739292' 14 - Adj. 0.15350609 2 'H Least squares adj. 
of 'H, 'Li. and '.INa 

ratios 

~H 12y :':2.9789430 0.83 47A09 1.06666 10 'H T,O+H,O 

~H 12y 1{2 +2.978877 30 0.83 47B32 1.066636 10 'H T,O; H2O 

~H 12y ±2.9788874 0.83 59D80 1.06663975 2 'H T,O; H,O; HTO 

~H 12y ±2.978860 4 0.83 65Hu13 1.0666315 30 'H 0.5% T,O at 

1.06662985 'H 23.5, J0800G 

~He I 1/2 ±2.1275697 1.28 49All 0.761786612 'H 3He+H,+O, 

!He negative 57K31 'He; H 2O 

!He ±2.127574* J 1.28 69Wil9 0.761786858 'H He+ H,+O, at 10 to 

0.76181237+ 46 'H 30 atmospheres 

tUsed a(3He)=59.935 and a(H,)=26.43 60ppm 

~Li :':0.8220304 O.B3 51A27 0.37865725 72 'Li LiCI 

~Li 1 ±4.6XlO-4q 51S07 Q6/Q'=0.023 Q 2 'Li LiAI(Si0 3), 

single crystal 

~Li :':0.8220305 0.83 51W24 0.3786573 15 'Li LiCI 

~Li 53C40 Q6/Q '=0.019" 1 'Li LiAI(Si0 3), 

~Li +0.822012 33 0.83 54W37 0.95863838 'H LiCI+O,O 

~U .'::0.B22031 4 0.83 67Lu06 0.9586599£ 3 'H LiCI+D,O 

;Li :::3.25613/7 3.3 49S56 O .. 38B609 20 'H UN0 3; H,O 

;u :,:3.25636 8 3.3 52K06 0.388637 JO 'H LiCI+H,O 

;U ±3.25634 2 3.3 52L18 to.3886341 10 'H LiN0 3 ; H·2O 

LiN0 3 +H,O 

;Li +3.256362 3.3 54W37 t 1.469225 3 23Na LiC I; not given 

;Li ±0.069·- 61An17 LiNO, crystal 

21 

~Li ±3.256364 3.3 62Ya06 to.3886357 16 'H LiCI+H,O 

;Li ±3.256366 18 3.29 65Hu13 to.38863668 90 'H saturated LiF in 

to.3886375 13 'H H 2 0 at 23.5, !0800G 

;Li :':3.25636 2 3.3 67Lu06 t2.5317314 E 3 'H LiCI+O,O 

;Li ±3.2560328' 6 - Adj. 0.38863618 8 'H . Least squares adj. 

, of 'H. 'Li and "Na 

I ratios 

~Li 0.B5 [2] :':1.6532' 8 2 59C68 vL =3.4131MHz LiF crystal 

H .=541B Jgauss I 
~Li O.Bs positive 

,b 62Co08 LiF 

:Li O.Bs [2] :': 1.6532' 8 2 67Gu14 v=2.0570 7MHz 'UF 

H.=3264.94 gauss 
i 'Li(d,p) recoils in ~Li 0.85s [2] ± 1. 65362 '0. 22, 71Ha67 

±1.65288'"· 20. Au, Pt, Pd foils 

:±. 1.65270'"" 30 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance - Continued 

Nucleus T'/2 I J1. Oiam. Q I Refer. V/v'lIlalldard stan-I Chemical 
Cor. dard I Forms 
(lim 

x W') 

:Be :t1.177452 1.8 49025 0.140518720 'H BeF,+H,O 

:Bc negative SIAl! Be(N03),+H,0 

:Bc I 3/2' =±0.02' 51HSO QIQ(27 AI)=O.I '7 Al Be 3A1,Si60 ,. 

:Be 3{2' 51S17 BeAI,O. crystal 

:Be :t 1. 17756 9 1.8 51S33 0.915475 70 'H BeCl,; D,O 

:Be 3/2' = :to.02' 5:-!K50 Be powdered 

:Be 3/2' ±J 17762 2 56B48 eqQ=±0.S044MHz Be 3 AI,Si6 O,. 

crystals 

:Se ' :to.032 cq 60Po09 (eqQ=48kHz) (powdered Be) 

:B O.77s [2J ±1.03551'; 25 2.1 73Mi26 v=1.90438MHz 6U(3He,n)8B-recoils in 

PI foil 

v.=20.5493t 55 and 20.5434t 100 (for H 0) 

:j:Corrccted using <T .(B ,O)=26.5ppm 
;"8 ±1.8010518 3.6 53TOI 0.700065 70 'H I Na,B,O.; D,O 

± 1.80073 8 1. 11282 5 i!SRb Na,S,O.; RbCI 
;oB ± 1.80059 2 3.6 58S 187 0.3348636 22 liB NaRO, 

~ 'B ±2.6884S 4 5.3 49A12 0.320827 4 'H KBO,+K,B,O.+H,O 
; 'B ±2.68875 13 5.3 51S33 0.82561540 7U Na,B,O.; LiC,H 3O, 

! 's :':2.68854 3 5.3 52Ll8 to.3208381 8 'H Na,R,O.; H,O 

K,B,O.; H 2O 
; 'B ±2.688543 5.3 65Hu13 to.3208366 18 'H BF 3'2H,O at 

to.32083766 22 'H 23.5, 10800G 
; 'B ±2.6880102' 17 - Wld.Ave. 0.3208377 2 'H 

;'B 20.4ms (I) +1.003'; 1 675u03, 1.79641:1: 32, 'H "S(d,p) recoils in Cu; 

68Su05 l. 79637t 39; PI; and Au foils 

I. 79510+ 25, 
i 1.79526+ 29; 

1.79639t 22 

tCorrected using <T .(H 2O)=26.5ppm 
;'B 20.4mB I ±0.017t&2 705u04 eqQ=15416; powdered TiB,; 

71Mi06 495kHz ZrS, 

! 
Q"/Q"=±O.424 

:j:Used Q"=+0.04065 26(70Ne2l) 

~'B 20.4mB (1) + 1.00285 &kn~:! 70Wil7 "B(d,p) recoils in 

Au; Cu; Pd; PI. 

Knight shift estimated 

from relaxation limes. 

+0.030' 8 Recoils in Be foils; 

used y~(B3+)=-0.145 
;'B 20.4mB (1) =:to.0346'· 71Wi28 eqQ=54.96kHz 12S recoils in Be 

single crystal 
;3B 19ms [3/2] :t3.17712'ko 51 71Wi09 0.379]04 25 'H "B(I,p) recoils in 

Pd, Au, PI 
!SB 19mB [3/2] =:to.08 73Ha71 Q 13 IQ "=2. 79 6 "B(d,p) and "8(t,p) 

eqQ13=130 2, recoils in Mg 

eqQ"=46.55kHz crystal 

!'C 1/2 :to. 702388" 9 l.83 54R34 0.2514431 d 5 'H l3CHsl 

!'C :to.70234 14 1.8 49P08 0.251435 'H 13C H.l; oil 
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Tahle E: Nuclear Moments hy Nuclear Magnetic Resonance - Continued 

Nucleus TI/' I 
I /L Diam. Q Refer. v I v' .Iandard Stan- Chemical 

COL 
dard Forms 

(11m 

x W') 

i'N 12m. (I) +0.4572'; / I 68Su05 0.08H1I7t 23; 'H ,oS(3He,n) recoils in 
i 0.081850+ 23, 'H AI; Cu; PI 

0.081869t 23; 'H 

0.081836:1: 13 'H 

+Includes correction of 26.5ppm for 

proton resonance in H ,0 
;'N 12m. It" 71Mi06 I IOB('He,n) recoils 

I 
in bee metals 

I tFrom eqQ spectra 
i4N +0.403704 1.3] 51P02 0.470705 'H HN0 3 ; D,O 
i4N ±0.40371 2 1.31 53TOI 0.748374 85Rb HNO,; RbCl 
:4N +0.403603 d 7 1.31 S9A 134 0.072236947 d 80 'H NH.CI 
~'N +0.403602 d 7 1.31 628a63 0.072236749" 10 'H NH;' 
:'N +0.40.3565" 10 64Ball (0.072236749 10) 'H NH: 
:4N ±0.403747 7 1.31 68Sc03 to.072262607 c

:j: 13 'H 10M aqueous 

r62Ba63) (0.072236749 10) 'H (NH.)(NO,) 

:j:Used measured ratios for: 

I 
"N: v(NO,)/v(NH.)=L0003556 J 

'H: v(NH.)/v(H,O)=1.00000236 5 

to correct to HNO, value 
i4N ±0.40361S58' 6 - 68Sc03 0.07226261 J 'H 
;sN -0.28305 2 0.92 50P06 0.660044 'H 15NH,; D,O 

;'N -0.283172 0.92 51P02 1.4027 I 14N NaNO, 
;'N -0.283078" 5 0.92 59A134 0.101330930· 80 'H NH.Cl 

-0.283179" 5 1.4027576 15 14N NH.Cl 
;'N ±0.2831795 0.92 61Brl3 1.4027566 10 14N liquid N 
;'N -0.283077" 5 0.92 62Ba63 0.101330447" 10 'H NH. + 

-0.283179" 5 1.40275480" 20 14N NH. + 

;5N -0.283051" 7 64Ba11 (0.101330447 10) 'H NH. + 

~'O 5/2 -1.89372 10 7.5 51A08 to.883134 'H H, "O+D,O 

~ 'F 66s [5/2] ±4. 7224' 12 24 66SuOl 0.33797, 'H '·O(d,n)F recoils 

0.33804 in CaF, 
~·F ±2.62896 7 12.2 49S56 0.940934 15 'H C,r,C!,; H,O 
!9F ±2.62861 6 12.2 50G65 0.940807 IO 'H HF+H,O 
!9F ±2.6285 2 12.2 51B82 0.94076050 'H BeF,+H,O 
!9F ±2.62863 6 12.2 51K25 0.9408149 'H HF+H,O 
!9F ±2.62874 6 12.2 52L18 0.9408545 30 'H CHFCI,; H,O 

±2.62896 6 12.2 0.9409330 30 III CFCI,; H 2O 

~'F +2.628383" 5 MBall (0.9407714 14) 'H HF 

!'F ±2.62880 6 12.2 65Hul3 0.940876222 'H C.H,CF, at 

0.94087636 10 IH 23.5. lO800G 
;OF lis [2] +2.094' 2 10 63TsOI CaF 2 crystal 
;oF II. [2] ±2.0935' 9 10 67Gu14 v=2.1820 7MHz CaF, 

H .=2735.8 4gauss 
;oF lis [2J ±O.O64' 73Ac03 eqQ=5.77 2MHz MgF, crystal(polar.n, ); 

20 Q/Q'9(l97keV l= H.=4.35kG 

±0.1084 

;~N!I ±2.21736 /2 13.9 51S33 1.0888:-15 "'Se Na,B,O.; SeCl, 

::,:2.2171314 13.9 1.08872 6 "'Sc NaBr; SeCI, 

;~Na ±2.217S1 10 13.9 52K06 0.2645149 'H NaI+H,O 

;~Na ±2.21754 7 13.9 52Ll8 to.264S182 7 'H Na,B,O.; H 2O 
NaBr; H 2O 

;~Na +2.217538 13.9 54W37 1. 723167 34 'H NaCI+D,O 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance - Continued 

Nucleus TIl' 1 JL 
[)jam. Q Refer. v I v' Itaadard Slan- Chemical 
Cor. 

dard Forms 
(nm 

xW') 

;~Na ±2.21755 7 13.9 67Lu06 t1. 7231746£ 4 'H NaCl+D,O 

~~Na :1:2.2161562 1 6 - Adj. 0.264517757 IU Least squares adj. 
of 'H, 1U and 23N a 

ratios 

;~Mg -0.855409 6.1 51All 0.84714 8 14N MgCI,; HNO, 

~~AI :':3.64124 29 49B07 0.26056 3 IH not given 

~~AI ±3.64161 14 28.9 50G65 0.985143 10 "'Na NaAIO, 
~~AI 5/2' 50P66 A1,O, crystal 
~iAI :':3.64ll 2 29 51S33 1.07261 5 "'Sc AICI 3 ; SeCl, 
;;AI :1:3.64148 18 28.9 52K06 0.260579 8 IH AICI,+H,O 
~~Al :1:3.64135 14 28.9 52Ll8 0.2605694 10 IH A1CI,+H,O 

AICI,; H,O 
~;AI I +3.64128 15 28.9 54W37 0.985055 12 23Na AICIJ+NaBr 
~;AI 5/2" ±3.64143 29 56848 2(Be JAI,Si60 '8) 

iiAI +0.377· C
' 66Arll AI,03 crystal) 

;;AI ±3.64132 14 28.9 68EpOI t 1.69744096 [ 30 'H AICI,+D,O 
~;AI +0.155'

c* 70Sa08 AI,O, 
:j:Used eqQ=2.40MHz(Pound), l-R= l.005, 

l-y=3.59 
;;AI +0.148, c :j: 70Shl6 I I AI,O, 

:j:Used eqQ=2.40MHz(poundl, I-R= l. 005 , 

l-y=3.59 
~iAI :1:3.6384346' 9 - 1(68E 0.26056752 7 IH 

~:Si O· 54W08 g28/g "'<0.04d, "Si '"SiF. 

if 1=1 

~!Si -0.555264 4.9 53W51 1.29410 7 'H cobalt glass; D,O 

::Si 1/2 d 
54001 SiH.liquid 

::Si 1/2 d 54W08 "'SiF. 

~~P 4.2. [l/2] :1:1.2349' 3 13 71Su13 JL.Dc =1.233749; Si on Cu(d,n) recoils 

1.23356 3 in red P; Si 
~;P ±1.1321 2 11 48P09 1.53103 23Na P,O.; Nal 
~;P ±1.1316112 11.0 49B07 0.404814 IH not given 

~ip :1: 1.13183 8 11.0 51S33 1.041825 1U H,PO.; LiC,U,O, 
~!p ± 1.13159 6 11.0 52K06 0.404804 10 IH P,05+ H,0 
~!p + 1.13161 6 11.0 54W37 1.53036640 23Na UaPO.; NaBr 

+1.131606 11.0 1.041611 30 'u H,PO,; LiCI 
~ip :1:1.13177 12 11.0 55F45 0.40486840 IH H,PO. 
~!p ±1.]31766 11.0 63Ba23 0.4048628085 IH (CH,O)3P; H,O 

~!S +0.643489 6.8 53W51 1.06174 13 "N CS 2 ; HNO. 

~;CI +0.82180 9 9.4 51P02 0.6.3827 6 'H Hel; 0,0 
~;CI ±0.821865 9.4 52W08 ""V/'H= 'H ""YOCI,; 

0.649527 70 thm ""V 
SOy /35Cl= D,O+RhCl 
1.0175810 

~~CI ±0.82185 6 9.4 53TOl 1.01481 5 85Rb LiCI; RbCI 
~;CI +0.821865 9.4 54W37 0.6383028 'H RbCl+D,O 

+0.821835 9.4 83Rb/35CI= 'H RbCI+D,O 

0.985431 18 thm B5Rb 

IlSRb/'H= 

I 0.6289855 
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Table E: Nuclear MOlnents by Nuclear Magnetic Resonance - Continued 

Nueleus T'12 I J.t ! Oiam. 

I Q I Refer. v I v I standard Slan- Chemical 
Cor. 

dard Forms 
(11m 

xlG' ) 

iicl ::+:0.82181847 9.44 
i 

70Bl08 to.6,'l82716 E 3 'H NaCI+O,O 

~;CI ::+:0.8208743 1 4 - :(70BI08) 0.097978585 'H 

~~CI 0.3My + 1.285399 14.8 55SI10 0.74873 3 'H HCI; D,O 

iiCl +0.68407 7 7.8 51P02 0.83236 7 "CI HCI 
~;CI ::':0.68413 7 7.8 51W24 0.83243 7 35C1 LiCI 

~;CI ::+:0.684146 7.8 53TOI 0.844775 BSRb LiC!; RbC! 

::+:0.684125 7.8 0.8324454 35CI LiCI 
~;Cl ::+:0.68407540 7.85 70BI08 0.5312927£ 3 2[[ NaCI+D,O 

~;Cl : 70Lu03 0.83239448 8:\: 35CI 6.00M NaCi in H,O 

:j:3X-rms error + transform uncertainty 

~:K ::':0.391504 5.2 50C65 to.64580 6 14N KNO,; HNO, 

~:K +0.39140 3 5.2 54B09 not given 'H KCO,H; H,O 

i:K ::+:0.391554 5.2 55BII to.64588 6 14N KF; HN0 3 

~:K 57K07 i Q41/Q 39= 1.22Q KCIO, crystals I 
~:K ::':0.391473 5.2 68Brl6 ItO.04666345 'H H,O+15M KCOOH 

i H,O+O.IM MnC!, 

~:K ±0.390952' 6 - Wld.Avc.1 0.04666367 'H 

~~K +0.214863 2.85 54B09 to.54886 8 '9K KCO,H; H 2 O 

~~K :+c0.214873 14 2.85 67Lu02 to. 1668530 8:j: 'H aqueous KF; 0,0 

71Ka30 two spectrometers 

I :j:Uncertainty is 3X-rms error ::+: 2ppm 

field inhomogeniety ::': 2ppm field uncer-
! tainty at 2 probe siles 

~~K etO.2145879' 10 - 67Lu02) 0.02561295 J 2 i 'H 

.71Ka30) 

-

~~Ca IlOky 7/2 -1.5916 I 22.6 62Br30 0.5.30631 3 'H Ca(N0 3),; not given 

~~Ca 7/2 -1.31721 15 18.7 5.3J06 0.438324 'H CaBr,+O,O 

~:Sc 0.59. [7/2] ::+:5.43"' 2 72Su05 0.2772 'H ""Ca(d,n) recoils in 

PI foil at 4.2°K 

~~Sc ::+:4.7564 4 72 50HI5 0.242939 3 'H SeCI,; not given 

~~Sc ::+:4.7557 10 72 50S58 0.969546 7·Br ScCI,; NaBr 

!~Sc ::+:4.7564 4 72 51H54 0.242939 3 'H Sc(N0 3)3; nol given 

~~Sc +4.7557 6 72 51P02 0.9183 I 23 Na Sc(NO,la; NaCI 

~~Sc et4.75591 36 71.7 69LuOI t 1. 5824534' 6 'II SeCI,+D,O+II,O+HCl 

~~Sc ::+:4.748745' 2 - (69LuOI) 0.24291623 10 'II 

~;Ti 5/2 -0.78838 14 12.7 53116 0.36721 6 'H "TiCI.liquid; D,O 

~;Ti etO.78846 6 12.7 65Dr03 1.20811 J 39K TiCI.; HCO,K 

~~Ti 7/2 -1.1040220 17.7 53116 0.36731 6 'H 49TiCI.liquid; D,O 

!~Ti ::+:1.104149 17.7 65Dr03 1.20844 I '9K TiCI.; HCO,K 

~~V 40Jy +3.3471 3 57 54W37 0.6495188 'H VOCI,; D,O 

+3.34693 57 tl.017583 11 35 C I VOCI 3 ; RbCl 

+3.34703 57 t 1.032631 29 8'Rb VOCI,; RbCI 

;~V 40Jy 0:3.34124' 3 - Wld.Ave. 0.0997015 10 'II 

;~V ::':5.14845 88 49K24 0.993943 23 Na V,O,+NaCI 

Pb(V0 3),; NaCI 

;:V positive 51P02 Na 5l V0 3 

;:V :;:5.1448 5 88 51S33 1.081565 "Sc V ,0,; SeCl, 
SlV +5.14805 I 88 23 

52W21 0.993855 35 "Na NaVO, 

+5.15065 88 0.994358 26 23 Na VOel,; NaVO, 

~:V ::+:5.1506243 87.8 64Ho20 2.638122 1 soV liquid VOCI, 

I 
Q50/ Q"= 1.27 b 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance - Continued 

Nucleus T'n I ll- I Diam. Q Refer. v I v' alandard I Stan- ! Chemical 
Cor. dard Forms 
(nm 

x 10') I 
~~V ±0.0073" 64Na05 (I-y)eqQ~752kHz I V,Os 

;~V ±0.26,<Q 66Arll (i-y)eqQ=6.4MHz) I (V,0 3) 

~!V =0.04 67Sal() eqQ=740kHz V,O, 

eqQ=3.:-IMHz NH.V0 3 ; NaVO , ; 

Na 3VO .. 14; Na.V,O,.16 

;!Cr -0.474455 8.6 53A06 0.782265 uN Na,CrO.; HNO, 

~!Cr -0.47440 6 8.6 53114 0.368203 'H Na,CrO.: O2° 

~!Cr 3/2 54H39 Na 2CrO.: D,O 

~!Cr ±0.022,q 64Ru07 
I 

"c r 2°3 powder 

;!Cr ±0.026,<Q 66ArI ] (C r 2 ° 3 powder) 

;;Mn 5.7d +3.059'+ 2 or 59 +0.53':j: 7 70Nill 0.36961 7 "Mn (Ce,La),Mg 3(N0 3) 12"24 

+3.0764 ':j: 6 Q/Q55=+ 1.5 2 at O.loK 

tUsing JL:!c~3.442 or 3.4614, QS'=+0.35 5 

;~Mn 312d ±3.284'+ 5 or 63 67TeOl I I ""Mn in Fe 
±3.302':j: 5 loUsing 1l-:;c=3.442 or 3.4614 

~~Mn 312d +3.278'+ 2 or 63 +0.35'lo 4 I 70Ni]] 0.79]996 I55Mn I (Ce,La)2Mg3(N0 3)12·24 

+3.2959'+ 2 QIQ5S=+0.991O at O.loK 

tUsing 1l-!!c=3.442 or 3.46]4, Q55=+0.35 5 

~~Mn +3.4682 5 66 I 51P02 0.9:172 1 23 Na LiMnO.; NaCl 

;~Mn ±3.46744 66 I 5]S33 1.02028 5 "'Sc Ca(MnO.)2; ScCI 

;;Mn ±3.4680 3 66 69Lu06 tl.6148654 E 4 'H KMnO.+D,O at 

25°C 

~~Mn ±3.4614,353 i 8 - (69Lu06) 0.24789167 6 'H 

;!Fe ±0.09030 13 1.8 67Goll y/27r= YIG, magnetically 

137.42Hz/G saturated 

;!Fe ±0.090604 9 1.83 70Scll 0.9281533 9+ 73Ce Fe(C0 5); GeCI. 

:j:3X-rms error + O.4ppm field inhomogeneity 
\ 

~;Co 270d +4.722"+ 17 +O.49t 9 72NiOl 1.023 3 I 59CO (Ce,La),Mg,(NO ,) ,,025 

Q/Q59= 1.29 18 crystal 

~lJsed JL 
59 =4.6]6 9, Q59=+0.38 

~~Co 71.3d [2] +4.03S't 8 +0.21:1: 3 72NiOI 1.59298 2 

I
59CO 1 (Ce,La)2Mg,(N03)12·24 

Q/Q59=0.54 3 crystal 
j:Used /1.9=4.6]6 9, Q59=+O.38 

~;Co +4.6488 7 99 51P02 0.897099 23Na K3 Co(CN)6; NaCI 

;~Co ±4.583 c 5 57F20 several 

;~Co ±4.626' 9 99 67Wal6 y/27r= crushed intermetallic 

1.0054' 20kHz/G CDS;; CoSi, 

;~Co ±4.616·~ 99 70Sw05 y/27r= 1.003tkH ziG TiFel_,Co, 

Measured fields using 

JL(39 K )=O.39090 

for aqueous KI 

:j:lncludes data of 67Wal6 

:~Co 5.26y +3. 790'~ 8 +0.42:1: .5 72NiOI 0.5747 2 

I
59CO • (Ce,La),Mg 3(N0 3)12,24 

QIQ59= 1.11 6 I crystal 

HJsed JL 
,9 =4.6169, Q59=+0.38 

~!Ni =±0.54 62Bu08 I Ni metal 

~!Ni ±O.70 4 63SI08 y/27r= ·'Ni powder 

0.354 20kHz/G 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance - Continued 

Nucleus 1 T 1/2 1 jJ. Oiam. Q Refer. II I v' .t8r!dard Stan- Chemical 
Cor. 

dard Forms (nm 

x ]0') 

~!Ni -0.74984:1: 10 16.9 640,02 0.6589445 170 17 0 in liquid Ni(CO). 

:l:lncludes a chemical shift correction for 

o in Ni(CO). of -362ppm [62Br46] 

~~Ni ±O. 75173; 9 16.9 650r03 0.91371 4 >SCI Ni-AI alloy; CaCl, 

~;Cu ±2.2263 5 53 48Pll 1.0022 2 "Na CuCI powder; 

NaBr powder 

~:Cu ±2.2260 5 53 49B07 0.265056 52 'H not given 

~;Cu ±2.22675 53 49Z02 0.265155 'H Cu 2CI,+CuCI,; H,O 

~:Cu 
I 

±0.2 Q 1 51898 Q63/Q 65=1.0813 K,[Cu(CN).l crystal 

~:Cu ±2.2262 3 53 51S33 1.091256 "'Sc Cu,Cl, powder; SeCI 3 
:~Cu +2.2259 3 S3 54W37 1.002008 16 23Na Cu,Ci,+CuCI,; NaBr 
~;Cu ±2.2259 53 72Me25 y/2'lT= 1.1285kHz/G CuBr in KCN 

~;Cu ±2.3846 7 57 48Pll 1.07112 .3
CU CuCl powder 

~~Cu ±2.3843 6 57 49B07 0.28391 6 'H not given 

~!Cu ±2.38548 57 49Z02 0.28404 8 'H Cu,CI,+CuCI,; H,O 

~~Cu ±2.3858 3 57 51S33 1.16951 6 <.SSe Cu ,CI, powder; ScCl 3 
~!Cu +2.3846 3 57 54W37 1.073475 10 23Na CuCl,+Cu,Ci,; NaBr 

~:Cu ±2.3847t 57 72Me25 tUsing 1-'65/jJ.63=1.07132 2[54W37] 

~;Cu 74Lol2 1.0712107:1= 7 

I

63CU I powdered CuCI, 
CuI and CuRh,Se. 

:j:Average for three materials at H o=12.5 or 

14.0 kG and 1'=77 \0 494°K 

! 

I Zn(NH 3)." ~~Zn 5/2 +0.8755:1: 11 21.8 53W51 0.86580 1 Ii l4N 

:j:lncludes calculated chemical shift correction 

of 290ppm [64Ball] to correct for N in NH3 10 

N in N0 3 
:~Zn ±0.87524; II 21.8 67Sp04 0.0625241' 6 'H 6'Zn vapor; 

mineral oil 

:~Ga +2.0161 3 53 54W37 0.90734920 23Na GaCI,; NaCI 

~~Ga ±2.016J 3 53 55R35 0.7870148/3 71Ga GaCl s 
;:Ga ±2.5617 9 67 48P09 1.15294 23Na GaCl.,; Nal 

~:Ga +2.56163 67 54W37 1.152872 8 "Na GaCI,; NaCI 

;\Ga 71Lu 15 1.2706243 3:\: 69Ga saturated solution of 

Ga(N 0 3), in H ,0 

t3x-rms error + transform uncertainty 

;~Ge -0.8792 3 24 53}16 0.35572 4 I >SCI I GeCI.; TiCI. 

v(asCi in TiCI.)/v("'CI in RbCl) 

= 1.00088 25 

;;Ge ±0.87915 15 24.0 54A27 0.22724 2 'H GeCl.; D,O+MnCI, 

~~Ge ±0.87919 12 24.0 71Ka30 to.2272486 IOJ; 'H Gee!.; D,O 

70Scll t1.3619664 5:1: 4lK GeCI.; 9M aqueous KF 

Earlier data of [67Lu07] incorrect due to field 

inhomogf'neilies 

t3X-rms error + O.4ppm field uncertainty 

i~Ge ±0.8767852'4 - (71Ka30) 0.03488401 14 'H 

~!m As 5.8jJ.s [9/2] +5.157"· 32 69Qu03 Igl(l + K)= 1.1495 liquid metal 

57 7IGa(a,2n); assumed 

K= +0.0032 10 

;;As 3/2 + 1.4392 3 41 52J05 0.17129 3 'H Na 3 AsS.; H 2O 

i:As ± 1.4390 2 41 53TOI 1.115695 'H Ns,HAsO.; 0,0 

~;As + 1.43904 41 53W51 0.64745 15 "Na Na 2HAsO.; NaCI 

J. Phys. Chern. Ref. Dala, Vol. 5, No.4, 1976 



NUCLEAR SPINS AND MOMENTS 895 

Table E: Nuclear Moments by Nuclear Magnetic Resonance .~ Continued 

Nucleus TIl' 1 I-' Diam. Q Refer. v/v' .tendud Slan- Chemical 
Cor. dard Forms 
(nm 

i x W') 

;!Se +0.534888 15.8 53W51 0.721932 23Na H,SeO,; NaCI 

~!Se +0.53406 8 15.8 54W37 1.242100 19 'H H,Se; D,O 

!:IDBr 100l-'s [4J 0:4.113'; 12 127 7IBr31 molten Se-TI alloy 

(pulsed p,n); H.=6.5G 

;~Br 0:2.10569 65 47P16 0.9278 3 ·'Br LiBr or NaBr 
Q79/ Q"'=1.75 b 

~:Br =0.4 b 48P09 Q79/ Q I27=0.57 b 1271 LiBr; Nal 

;~Br 0:2.10595 65 49202 0.25059 5 'H NaBr; H,O 

;~Br 0:2.1057 3 605 S1S33 1.031455 <SSc NaBr; SeCI, 

;~Br +2. lOSS 3 605 54W37 0.9471409 2JNa NaBr 

~~Br ±2.lOS5 3 65 70BlO8 1.632111 E 3:1: 'H I KBr+D 2 O 
:1:3 X -rms error + systematic errors 

~~Br 0:2.2695 8 70 47Pl6 1.0209 3 23 Na LiBf; not given 

NaBr 

~~Br ::,:2.2693 Ii 70 49B07 0.27003 8 'H not given 

~;Br ±2.27026 70 49Z02 0.270145 'H NaBr; H,O 

~~Br ±2.26944 70 SIS33 1.111656 "Sc NaBr; SeCl, 

~~Br +2.26964 70 54W37 1.020965 14 23Na NaBr 

~!Br :+:2.26964 70 70BI08 E 'H KBr+D,O 1.7059309 3:1: 
I 

:t:.3X-rms error + systematic errors 

~:Br 70Lu02 1.0779355 3:1: 79Br 17.31M NH.Br in 
H 20; H.=18.07kG 

:l:3X-rms error 
~!mBr 351-'8 [9/2] :0:5.86" 7 180 71Br31 molten Se-TI alloy 

I (pulsed p. n); H 0 = 1O.4G 

~!Kr +:1:0.97017 16 31.1 54B03 not given Kr gas 

:l:Atomic spectra and bea'ms measurements 

determine I-' to be negative 

~!Kr :;:0.97034 16 31.1 68Brl6 0.8246789 E 24 I39K Kr gas; KCOOH 

39K/'H=0.04666345 

±0.97033 16 31.1 0.0384825 E 6 • 'H Kr gas; H,O 

~~Rb :;: I. 3527 2 45 51Y03 to.0965S207 30 I 'H RbCl; H,O 

~;Rb :;: I. 3528 2 45 52W08 5OV/'H~ 'H VOCI,; RbCI+D,O 

0.649527 70 

50V / 85 Rb= 

1.03262 10 

~;Rb + 1.3527 2 45 54W37 0.628985 5 'H RbCI+D,O 

~;Rb ±1.35272 405 61BlO8 to.6289789 4 'H RbC]; D,O 

~;Rb ::': 1.34820521 8 Wtd.Ave. 0.096552095 54 'H 
~;Rb . 47Gy :;:2.7503 7 92 49B07 0.327186 IH not given 

~iRb 
I 'H I 47Gy ±2.7503 14 92 49Z02 0.32718 16 Rb,CO,; H,O 

~;Rb 47Gy ±2.7's06.5 92 51A31 3.38896647 ·'Rb RbCI 

~;Rb 47Gy ::':2.74955 92 51S33 1.25529 6 27 Al Rb 2CO,; AIC], 

~;Rb 47Gy ±2.75065 92 51Y03 0.3272133855 'H RbCI; H,O 

~;Rb 47Gy +2.75065 92 54W37 1.237041 8 23 Na RbCI; Nae] 

~;Rb 47Gy ±2.7507 .5 92 6IBlO8 2.1315984 2 'H RbC]; D,O 

~;Rb 47Gy ±2.7505.5 92 67Lu06 2.1315419 E /5 'H RbCI+D,O 

~~Sr -1.0930 2 38 53]14 0.28232 3 'H 8'SrBr 2 ; D,O 

~:Y -0.13732 3 4.9 54B09 0.048991 I IH Y(NO,),; H,O 

~:Y ±O. 137344 26 4.9] 65Ba42 0.678141 18 14N YCI,; HNO, 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance - Continued 
, 

N ueleus Tl/' I p. Diam. Q Refer. vJv' at.ndafd Stan- Chemical 
Cor. dard Forms 
(nm 

xlO'I 

:!Zr 5/2 -1.3028 2 48 57Br26 0.60S57 1 'H (NH .),ZrF 6+ D ,0 

:~Nb ±6.1672 12 236 o51S33 1.006135 <.SSe Nb,05; SeCl, 

:~Mo -0.9136 2 36 51P02 0.97943 JO 9'Mo K,MoO. 
:~Mo ±0.12' 3 66Na04 Mo metal 

:~Mo -0.9328 2 37 5lP02 0.9208 1 14N K,MoO.; HNO, 
IQ9' /Q%I> l' 

:;Mo 65KaO:~ Q97/ Q95=9.2 b 8 i K 2MoO. solution 
:;Mo ::: 1.1 2 66Na04 i (Q97/ Q 95=9.2 b 8) 

:~Tc 4.3d (6t) ±4.60t·n 14 71Fo24 Tc- Fe; fl, .. =-298 JOkC 

tObtained g from slope of v vs ll; spin 

1 measured by ABMR (1974) 

:~Tc 210ky +5.6807 12 234 52W02 1.46628 10 'H NH.TcO.+D,O 

!~'Rh --0.088321' 19 3.87 555 ]]0 0.205574 7 'H Rh metal; D,O 

!~'Rh -0.08825' 2 3.9 65Sell not given RhSn, 

!~5Pd :!:0.6015' 6 26 62Co25 0.043884 'H Pd metal (finely 

divided); H ,0 
!~5Pd -0.642' 3 30 64Sel3 not given Pd metal 

~~7Ag -0.113543 5.3 54B09 0.040468 1 'H AgNO,; H,O 
!~7Ag -0.11358 3 5.3 54S105 0.86985 1 "

l9 Ag AgNO, 
!~9 Ag -0.13053 3 6.1 54B09 0.046523 1 'H AgNO,; H,O 
!~9 Ag -0.130573 6.1 54S 105 0.303163 'II AgNO,; D,O 

!~. Ag :'0.13124 i 3 6.1 67Na13 0.3047156 'H AU,Ag,<,; D,O 

y/21T =0.199150 4 

kHz/G 
~;OAg 24.48 I :t2.7210·8 126 69Ac02 y/21T~2.0645 AgF,AgCI,AgBr, 

6kHz/C Ag,O,Ag,O,(polar. n, ); 

T-8°K 

!~7Cd 6.7h 200.61444' 15 29.4 66Mc17 0.0437924' 20 'H Cd vapor; mineral oil 

!~'Cd 470d :.+:0.82701' 20 39.5 66Mcl7 0.0589435' 20 'H Cd vapor; mineral oil 

!~ 'Cd 1/2 -0.59499 Iii 28.4 50PSI 0.80]6 1 "Na CdCI,; NoCI 

~! 'Cd :;:0.59429':j: 14 28.4 66Le21 1. 1879850' 5 199Hg '"Cd+ 199Hg vapor 

:j:Based on v(""'Hg)/v(' H) from 

optical pum ping measurements 

!~ 'Cd :!:0.S9428' 14 28.4 66Mcl6 0.211782' 2 'H : Cd vapor; mineral oil 

!!3Cd >3Jy 1/2 -0.62245 17 29.7 SOPS! 0.8386 I 23Na CdC!,; NaC! 

:~3Cd >3Jy 59K39 1.046083" 3 "'Cd Cd(CH 3l. 
l!'Cd >3Jy :;:0.6216i:j: 15 29.7 67Le22 1.0460840' 2 '"Cd l'llCd+ 113Cd vapor 

tBased on v('99Hg)/v('H) from 

optical pumping measurements 

!~'Cd >3Jy :to.62167' 15 29.7 66Mc16 0.221543' 2 : 'H Cd vapor; mineral oil 

!! 3 In :t5.5232 15 271 51P02 0.82667 8 "Na In(NO,),; NaCI 

!! 'In :!:5.5223 15 271 53TOI 0.99787 4 '15ln In(NO,), 

!~ 3 1n :!:5.5229 16 271 57R42 0.9978609 12 '15 10 In(CIO.), 

!!3In :!:5.5229 14 271 71Lul5 0.99786103:1: !lSln 1.6m% In(CIO.), + 

0.5m% H(C!O.) + 

97.9m% H 20; H.=18.07kG 

:j:3X-rms error + Fourier Transform error 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance - Continued 

! 
Diam. Refer. IStan- Chemical Nucleus Til' I j1. Q v/v'l'andaTd 
Cor. dard Forms 
(nm 

i x 10') 

~~ 'In 600Ty ±5.5348 15 272 51P02 0.82841 8 23Na In(N0 3)3; Nae! 

!~ sIn 600Ty ±5.5336 15 272 53TOI 0.901877 50 "'Se In(NO,),; SeC!, 

!! 'In 600Ty ±5.5348 14 i 272 60FI03 0.2191288 'II In,(SO.),; glycerin 

!! sIn 600Ty observed ultrasonically-induced 66Ma55 ! InAs crystal 

t.m=:!:3 transitions due to hexadecapole moment 

!~I)In 14s ±2.7859' 12 137 ±O.09:j:' 2 71Wil2 7/27r=2.1132 InP(polar. th n, ); 

8kHz/G T=77°K 

tFrom temperature dependence of T,. ... ; 

used Q 1I5=+0.83b 

!!SSn 1/2 -0.91782 46 SOP5! 1.2362 J 23Na SnC!,; NaCI 
~~smSn I 59J.Ls :t1.36S'; 4 69 71Br03 7/27r=0.1887, liquid In metal 

! 
0.1880,0.1893 (pulsed p,n) 

i kHz/G 
~! SmS n 159j1.B :to.8" 3 72Ri13 liquid In metal 

(pulsed p,n) 

~~7Sn 1/2 -0.9999 3 50 SOP5! 1.3468 I 
23Na SoCl,; NaCI 

~~9Sn 1/2 -1.04613 53 SOPSI 1.4090 1 23 Na SnCl,; NaCI 

;;'Sb ±3.3589 9 174 SOCS7 0.904694 23Na HSbCI 6 ; solid NaCI 

;:'Sb +3.3593 9 174 5!P02 0.904809 23 Na NaSbF 6 ; NaCI 

;;'Sb S8E03 1.84661 1 ''''Sb KSbF. 
;;'Sb ±2.S465 7 132 50CS? 0.8442 I 'H HSbCI.; D,O 
;;'Sb +2.5466 7 132 51P02 0.84423 8 'H NaSbF.; 0,0 
!;'Sb 2.7y 7m ±2.63 6 136 68Ba70 7/27r=0.570 '''Sb-Fe at 0.015°K 

14kHz/G 

:j:Spin determined by j1.(68S116) and 

g(68Ba70) 

::'Te >50Ty -0.73592 39 53W51 0.990853 23Na TeO,; NaCl 
::5Te -0.B872 2 47 53W51 1.194574 23Na TeO,; NaCl 

!;" ±2.8lO0 I J 153 4BP09 to.75664 20 
23 Na solid Nal 

:~'[ ±2.8084 13 153 49Z02 0.20003 8 'H KI; H 2 O 

g'I :;:2.B0868 153 51S33 t1.30317 6 'H KI+H,O; D,O+ 

H,O +-NiC1, 

;:'r ±2.B091 9 153 51WI2 t1.30337 20 'H Nal+(NH,),+D,O 

::'1 ±2.8093 8 153 5lY03 to.200095 6 'H KI; H,O 
:~71 ±2. 79382' 18 - Wtd.Ave 0.2000BO 14 'H 
;;9, 16My +2.6173 8 143 51W12 0.86744 10 'H Nal-t(NH 2),+D,O 

!!"Xe -0.77681 23 43.4 51P02 1.0457 I 23Na Xe gas; NaCl 

;!'Xe -0.7768922 43.4 54B03 0.276633 5 'II Xe gas; H 2 O 

:!9Xe -0.7768222 43.4 68Brl2 1.80192 E 2 'H Xc gas; 0,0 

!!lXe +0.69066 /9 38.6 54B03 0.081976 I 'H Xe gas; H 2O 
~!lXe +0.69083 19 3B.6 68Brl2 0.534155' 3 'H Xe gas; D,O 

:~3CS ±2.5784 II 148 49B07 0.33743 10 'Li not given 
;;'Cs ±2.S790 8 148 51S33 0,854494 'H CsCI; D,O 

!!'Cs +2.5790 7 148 54W37 0.854496 18 'II CsNO,+D,O 

!!'Cs ±<0.OO4' 58B158 Csl; CsBr 
:~3C8 ±2.5789 7 148 67Lu06 0.8544377 E 5 'H CsNO.+D,O 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance - Continued 

N"",O"'I Tin II i Diam. Q Refer. v/v
l 

iiland.rd i Stan- Chemical 

I 

Cor. 
• dard Forms (nrn 

x 10') 

!~3CS ! :!::el.5 10mb 68Ha43 Cs,CuCl.; Cs,CoCI. 

I single crystals al 

I room T; used i-Yoo=120 30 
~~3CS i :!::2.3 Ef. 3 700r08 aqueous Csi at 

mb 297°K 

!~5Ba ;to.8371725 49.1 56W20 1.01387 2 "CI 135 BaCI, 

~!7Ba :!::O.93653 27 54.9 56W20 1.134205 "Cl I37 BaCl, 

~~8La O.lTy 5 +3.7073 12 223 55S31 0.934073 139La not given 

=:!_" If Q''"/QI39=:!::3.55 

!~9La :!::2.7780 9 167 49013 0.141251 14 'H LaCI 3+ H,O 
:~·La :!::2.77839 167 51S33 0.92025 6 'H LaCI 3 ; 0,0 

!~3Eu MCh26 0.4438 151Eu EuS powder at 4.2°K 

!!'Cd 64Bo09 0.7535 '''Gd GdN 

!!'Cd 65Bul4 0.763 I"Gd CdAl, 

~~30y 66Kol4 1.40:j: 1 '.IDy powdered Dy-metal 

Q 163 /Q '6'= I.06t in ferromagnetic state 

tUsed spin-echo technique 

;~IYb +0.49305 40 MGo06 1.7874/5 "CI I YbCI,; NaCl 

YbS; NaCI 

;~3Yb ±O.6791 6 54 MGo06 (0.275497' 12) I7'Yb 

~ ~ 5Lu J:2.229 I 180 62Re02 0.73677 2 'H LuB 12 

:!::2.231 1 180 0.73732 2 'H LuSh 

~~lTa :!::2.360:j: 2 200 60Ee23 not given KTa0 3 

:j:Determined magnetic field using 'Li resonance 

~:3W +0.1167' 10 10 5SSIIO 0.27395 3 2(l W powder; D 20 

~:3W :!::0.11722 5 10.1 61KlO] not given WF. 

;~5Re +3.1718 14 281 large b SIAll 0.851149 23Na NaReO.; NaCl 

;~7Rr 60Gy +3.2044 14 284 large b SIAl] 0.85987 9 23Na NaRe0 4 ; NaCl 

~~7Re 60Gy 68Nal2 1.01007 5 '·'Re ReO, metal 

~~1Re 60Gy 70Be7S 1.01008 8 '·'He Be 22 Re at 3000 K 

~:70S :!::0.064323 5.8 68Sc06 0.89108143 4lK molten OsO,; 

O.8910825t 5 "K aqueous KF 

tCorrected for susceptibilities of 

OsO.(-0.21IxlO-o) and KF(-O.83xlO-6) 

::·05 3/2 +0.65655+ 30 59 541.36 0.79189693 i"CI I molten OsO.; TiCl. 

tUsed v("CI in TiCI.)/v( 35 CI in RbCI) 

~ 1.00088 25 of 53J 16 

;:·05 :;:0.65652 30 59 68Sc03 1.0746395 14N molten OsO.; 

in 

NO; N H .(N 0,) .olu lion 

(cylindrical samples) 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance - Continued 

Nucleus '1"/2 I I-'-
I Diam. Q Refer. 11/11' standard Stan- Chemical 

Cor. dard Forms 
(nrn 
x ]()4) 

~~ 'Ir +0.1453 ':j: 6 13.5 68NaOl v/H(in kHz/G) Ir metal; used 

=0.074133 18 K=+0.0134 

:j:Used v('09 Ag)/H=0.199150kHz/G for Ag-metal 
~~hDIr 4.9s [11/2] :;:6.08' 36 560 71Es03 .,=389.690:1: 13; 0.08% 1910S in Ni, ll;", 

=-4673kG; 

1174.85:1: 12MHz 0.04% '''Os in Fe; Hi., 

=-1405 8kG 

:j:Extrapolatcd to H. =0 
~~2Ir 74d :;:1.901' II 174 71 Es03 v=167.66lt 35; 0.03% Ir in Ni, Hi .. 

I 

=-4673kG; 

504.192:1: 50MH. 0.03% Ir in Fe, fl in , 

=-14058kG 

:j:Extrapolated to H 0 =0 
: ~31r +0.1583'+ 6 14.7 6BNaOI II/H(in kHz/G) 

I 
Ilr metal; used 

=0.080732 6 K=+0.0134 

:j:Used v(Hl9 Ag)/H=0.199150kHz/G for Ag-metal 

::'Pt 1/2 +0.6060 3 57 51P02 0.81273 8 "Na H,PtCI.; NaCI 
;:'Pt :;:0.6060+ 3 57 63Dr05 0.8126674 "Na H2PtCI 6 

:j:Not corrected for chemical shift 

which may be as large as +0.7% 
::'Pt ±0.6022:j: 3 57 68Ze04 H 2 Ptl.+H,O; least 

63Dr05) paramagnetic compound 

tested 

tChemical shift with respect to H,PtCI. 

is -0.63% 
~:5mpt 4.1d [13/2] ±0.602'+ 15 56 72Ba22 v=89.55MHz Pt-Fe,"Co; llbl= 

-1280 26kG 

HJncorrected for possible hyperfine anomaly 

~:7 Au +0.14726; 7 14.0 67Na13 vlH(in kHz/G) AU,Ag 1_. 

=0.074125 4 I 
;~OmA' 18.7h [12] ±6.1O'* 10 600 73Ba83 :1:2.5% hyperfine anomaly included 

~~3Hg 8.8s 1/2 +0.518' 9 50 72Bo09 Also measured by 

optical pumping 
!~5Hg 50s 1/2 +0.504'4 49 72Bo09 Also measured by 

optical pumping 

~:'Hg 1/2 +0.5041624 48.6 5lP02 tl.1647 I 2H Hg,(NO,),: 0,0 
!:9Hg +0.50272 i 24 48.6 61Ca21 to.1782706 i 3 'H Hg gas; H 2O 
!:9Hg ±0.49930 1 4 - 51P02) 0.178788 15 lH NMR-value 

:;:0.4978563" 8 - 61Ca21) 0.1782706 3 'H OP-value 

;~'Hg -0.55671' 27 53.7 61Ca21 0.0658066' 3 'H Hg gas; H,O 

:~3TI ±1.61188 158 49POB 0.57149950 'H TIC,H,O,; H 2O 
:~3TI 1/2 +1.6J168 158 SOPSI 0.5714 I 'H TIC,H 3O,+II,O 
;~3Tl ±1.61168 158 S1S33 0.990265 205TI TIC,H 3O, 
!~3Tl ±1.61158 158 63Ba23 0.571391454 'H TIC,H 30,: H 2O 
:~5TI ± 1.6277 8 160 49P08 0.577135 50 'H TIC 2 H,O,: H 2O 
;~5Tl 1/2 +1.62748 160 50PSI 0.5770 1 'H TIC,H 3O,+H,0 
:~sTI ± 1.6274 8 160 51S33 0.57702 3 'H TIC,H 30 2 : H2O 

!~'TI 53G12 1.009838 J '
03

Tl TI,O,+HCI+HNO, 
~~'Tl 54W37 1.009816 22 '

03TI TIC,H 3O, 
;~'TI ± 1.62748 160 63Ba23 

I 
0.577011734 lH TIC 211 30,; H 2O 

I. 00983613 6 203TI TIC,H 3O, 
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Table E: Nuclear Moments by Nuclear Magnetic Resonance - Continued 

Nucleus 1'1/2 I JL ' Diam. Q Refer. v/I.I' 5t.ndard Slan- Chemical 
Cor. 

dard Forms 
(11m 

xW') 

~~'Pb 1/2 +0.58953 59 50P51 0.7901 1 23Na Pb(C,H 30')2; NaCI 

!~7Pb :to.5902 d 3 59 57Ba34 0.2092198 d 10 'H Pb(C 2H,). 

;~'Pb ±0.5883t 3 59 58Pi48 Pb(SO.) powder, 

most ionic compound 

tChemical shifl with respect to , 
Pb(C,H 3O,),=0.21% 

;g'Pb :to.S880 4 59 59Ro45 1.3580t 4 I'H I Pb(SO.) powder; D,O 
i 
! Pb(NO l ),·]; D,O 
! 

tStudied chemical shifts; these two most ionic i 

!~9Bi >2Ay +4.0800 21 412 51P02 1.0468 I 

;~9Bi >2Ay :t4.0802 20 412 S3TOI 1.046845 

;~9Bi >2Ay :t4.0809 20 412 59F39 0.16072214 

: 

• Polarization or Sternheimer correction included 

• No splitting observed 

t Value used in average or least squares adj. 

Resonance observed by depolarization of polarized nuclei (oy-anisotropy or j3-asymmelry 

b Determined from broadening of resonance lines 

, Recalculation of earlier dat.a 

Measured by double resonance technique 

Extrapolated to zero concentration or density 

I Determined from relaxation times 

'II 
'H 
'H 

• Computed corrections for atomic diamagnetism and molecular paramagnetic shielding included 

b Used circularly polarized rf fields 

i Used optical pumping to align nuclei 

j Without Knight shift correction 

k Includes estimated correction for Knight shift 

I Value uncorrected for diamagnetism 

m Metastable or excited state 

• Not certain if authors corrected for diamagnetism, therefore not corrected by compilers 

• Preliminary value from meeting abstract, report, thesis, or private communication 

q Determined from quadrupole splitting of the magnetic resonance 

, Resonance observed by asymmetry of ,,-decay 

I .;(NO,)" 0,0 
Bi(N0 3)3; D,O 

Bi(N03)3·5H ,0; 

glycerine 
.. ------
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Table F: Nuclear Moments 
by Atomic and Molecular Beams 

Introduction 

The atomic-beam magnetic-resonance apparatus 
is a device for observing certain types of transitions 
between atomic energy states. These transitions, 
usually associated with ground-state levels, can he 
studied in fields ranging from weak (small fractions of 
a gauss) to strong (several kilogauss). The basic 
principles of the method are discussed extensively in 
Atomic and Molecular Beam Spectroscopy, P. 
Kusch and V. W. Hughes [59Ku94], Nuclear 
Moments, H.· Kopfermann [58K090], Molecular 
Beams, N. F. Ramsey [56Ra58], and Molecular 
Beams, K. F. Smith [55SmI2]. 

The preCISIOn attainable by this method is 
associated with the factors: (1) the atom is not 
perturbed by adjacent atoms or collisions with 
apparatus walls, (2) the natural lifetime of the energy 
state is usually extremely long compared with any 
time constant of the apparatus, and (3) the transit 
time through the transition region can be made as 
long as many tens of milliseconds. 

The total energy of an atomic level, neglecting 
interactions with an applied magnetic field, can be 
expressed as 

W = W J + W MI + W E2 + W M3 + ..... , (1) 

where W J is the energy independent of the 
interactions with the nuclear moments and W Ml, 

W E2, W M3 are the energies due to the interaction of 
the electrons with the nuclear magnetic dipole, 
electric quadrupole, and magnetic octupole moments, 
respectively. 

The magnetic dipole term can be expressed as 

W MJh = alJcos(lJ) = (a/2)[F(F + 1) 

- 1(1 + I) - 1(1 + I)]. (2) 

The existence of this term causes a particular atomic 
level to be split into 21 + I or 21 + 1 hyperfine levels 
depending upon whether 1<1 or 1<1. The hyperfine
structure splitting is defined by ~v=~ W/h, where ~ W 
is the energy separation of a pair of hyperfine levels 
with total spins F and (F-l) measured at zero 
magnetic field. From eq. (2), the hyperfine-structure 
splitting between such a pair of levels for a state with 
no quadrupole interaction is just ~v(F,F-1)=Fa. 

The magnetic interaction constant a can be shown 
to be equivalent to I-L IH(O)/hlJ where H(O) represents 
the time-averaged magnetic field at the nucleus due 
to the electron distribution. The precision with which 
I-L I can be determined from a is limited by the 
precision with which the atomic wavefunctions are 
known to permit the calculation of H(O). The 

uncertainty In //(0) may be of the order of a few 
percent. 

In practice, the magnetic moment of a nucleus can 
be determined indirectly provided one isotope of that 
element has been studied by another method such as 
nuclear resonance. The relationship I-L II I-L2= 
aJ,/a2/ 2, which is based on the assumptions that 
the electronic wavefunctions and nuclear fields are 
the same for both isotopes, can be used to evaluate 
I-L. It has been shown experil:nentally that these two 
ratios are not exactly equal. The hyperfine-structure 
anomaly, which is defined by 1~2=(aJ'I-L2/a2/2I-L,)-1, 
has been found to be as large as 1% for some pairs of 
isotopes. A tabulation of experimentally determined 
magnetic hyperfine structure anomalies may be found 
in a report by Fuller and Cohen [70FuCo]. More 
precise methods of determining I-L will be discussed 
later. 

The electric quadrupole term in (l) is given by 

W E2/h = (b/4)W/2)K(K + I) - 21(1 + 1)1(1 + I)] 

X [I(21-1)}(2}-1)]-1 (3) 

which, in the classical limit, becomes 

W F.2/h=(b/4)[(3/2)cos 2(lJ)-I/2] 

where b e(aE/az)(Q/h) and 

K == F(F + 1)-/(/ + 1 )-J(J + 1). 

The calculation of Q from the quadrupole 
interaction constant b is limited by the accuracy in 
the determination of aEjaz at the nucleus. The 
uncertainty in the atomic wavefunctions may 
introduce uncertainties in aElaz of a few percent. In 
addition, the nuclear quadrupole moment causes a 
polarization of the atomic core electrons 
(Stemheimer effect). The effect of this polarization on 
the calculation of aElaz at the nucleus may be 
included as a correction factor which can amount to 
tens of percent. In compiling the following table, no 
attempt has been made to apply the Stemheimer 
correction where the authors have not done so. For 
any precise application of quadrupole data, one 
should refer to the original experimental work and to 
the references on the necessary corrections [66St23]. 

A severe limitation of the atomic- beam method for 
the measurement of electric quadrupole interactions 
is due to the fact that most beam experiments are 

performed on atoms in the ground state, which in 
many cases is an S state. In such a state, there is no 
interaction with the nuclear quadrupole moment. It is 
possible, however, to perform atomic-beam 
experiments on such atoms if they have been excited 
by absorption of optical resonance radiation or by 
electron impact. 

The magnetic octupole term in (1) is given by 
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WM3 /h = (5c/4)[K 3 + 4K2 + (4/5)K{-3/(l + l)J(J + 1) 

+ l(l + 1) + J(J + 1) + 3}-4I(l + I)J(J + 1)] 

x [J (1-1) (2/-}) J (J -} )(2J _})]-I (4) 

where c is the magnetic octupole interaction constant 
from which the magnetic octupole moment n can be 
calculated. In the classical limit, equation (4) can be 
written as 

The magnetic octupole interactions so far reported 
are of the order of 100 Hz or less than 1O-{i times the 

dipole interactions. It is therefore 
evaluate the first two 

necessary to 
moments to a very high 

precision and include perturbation effects of low
lying excited states in order to compute n from c. 

In the presence of a magnetic field H, additional 
terms for the direct interaction of the electronic and 

nuclear magnetic moments with the field must be 
included. The direct interaction term is given by 

(5) 

where gJ=-JLJIJJLIl I, g'F-JLI/lJLS 1, and JLe is the 
Bohr magneton. 

Energy differences between two states are given by 

the measured frequencies of the oscillating field 
(described below) which produces transitions between 
those states. By measuring these energy differences, 
I, g J. a, b, and sometimes g'J and c can be 
determined. In principle, these can then be used to 
calculate the nuclear moments JL. Q, n. 

In the relatively simple case of an atom in an SI12 
state, the energy dependence of a hyperfine level as 
a function of H can be expressed by the Breit- Rabi 
equation 

where -~W is the energy splitting of the 2S 1/2 state 
caused by the nuclear field and x = (g rg~) JLeH/~W. 

Figure 2 illustrates graphically the function W/6.W for 
an atom in the 2S 1/2 state with a nucleus with 1 = 4, 
and JL>O. 

1 
Since the orientation of the spin snd tne o!}1Jociated magnetic moment are antiparallel 

fOf the electron Ilnd parallel for the proton. there ie much confusion regarding the 

(:on\'enlioll for sign;.: of Ks and K!. lilt:' ~fa('tor;; of an eieelron and a nudf'u!", ami 

of f-L" anrl j.l./. !he {'orrespolldillj! ma~lleli(' momC'nl~. There are varialiolls in the liter

ature, and some authof!! afe nol 8~lf-cOn8i!'ltenl. The convention adopted here 11'. that it 5 

j", pOllitive for the electron (where J1. S is negative, i.e. ,antiparallel to the spin) and 8'J 

is positive for a nucleus when J.i.l is negative or antiparallel to the nuclear I!'Ipin. 
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A common arrangement of an 
magnetic-resonance system is shown 
apparatus consists essentially of 

atomic-beam 
in figure 1. The 

(1) A source of neutral atoms at thermal energies. 

(2) A detector of atomic- beam intensity. 

(3) A pair of deflecting magnets (A and B of figure 
1). In the regions A and B, the magnetic fields 
have a large field gradient so that the atoms will 
experience a transverse foree, F = - aw/az = 

- (aWjaH) X (aH/iJz). 

(4) A uniform adjustable magnetic field (C-field in 

figure I). In this region, oscillating magnetic 
radiation can be introduced to cause transitions 
from one magnetic state to another. 

In a strong field, the atomic state is characterized 
by magnetic' quantum numbers m I and m J' For an 

atom in an S 1/2 state, m J can take on the values + II 
I. 2 

or - 12 , In the nonumform A and B magnetic fields, 

atoms in the m r+ 1/2 states will be deflected toward 
the weak field (paths a, figure 1), while those in the 

m r- 1 /2 states will be deflected toward the strong 
field (paths b, figure 1). If, while in the C-region, an 
atom undergoes a transition from any of the magnetic 

substates associated with m r± 1/2 to one with m r 
+1/2 (such as transitions a, (3, y, S, or €, figure 2), 
the deflection in the B-field will be opposite to that 
in the A -field and the atom will then be focused onto 

the detector. Such a transition can be induced if the 
frequency v of the applied oscillating field satisfies 
the condition W 1-W2 = hv, where W 1-W2 is the 
energy separation of the two levels. This resonant 
frequency condition is observed by the accompanying 
maximum in beam intensity at the detector. From the 
observed resonant frequencies, the energy 
differences between pairs of states are determined 

and the quantities I, g J' a, b, and sometimes g'Jand c 
can be derived. The nuclear moments JL, Q, and n 
can then be calculated from the interaction constants 
by use of the best available atomic wavefunctions. 
The magnetic dipole is the only moment which 
interacts directly with the applied magnetic field H 
and can thus be determined by very precise 
measurements of the appropriate energy separations. 

In a magnetic field of a few gauss, where the 
variation of the energies of the individual m F-states 

with respect to H is practically linear, the level 
separation is a function of 1 and H only. The 
observation of a transition such as a, in figure 2, can 
serve to determine 1 with no ambiguity. 

In the intermediate field region, the energy 
expression for the transition {3, figure 2, has terms 
non-linear in H which are functions of 6. W the 
hyperfine-structure splitting. A measurement of this 
transition at such fields can permit calculation of ~ W 
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FIGURE 1. Schematic diagram of atomic beam apparatus. O-oven; S-slit; D-deleclor; 
A and B-regions wilh fields and field gradients in directions indicated: C-region 

with uniform field lJ and oscillating field H 0'" in directions indicated: "a" and 
"b" represent paths of atoms with negative and positive effective magnetic momenls. 
respectively. 

4 

FIGllH.E 2. Breit·Rabi diagram of the energy levels of an atom in a 2S 1/2 state with a nucleus 
with J = 4 and J.L >0. Ot, {3, ,)" Il, and E represent some of the observable transitions 
which are useful for the determination of nuclear properties as explained in text. 
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F::2t~~~;::: 
2.0 

F=IJ~~~~~~ 
F"Olr----

-3'2 L-______________________________________________ ~ 

H -+ 

F1CUIU: 3. Schematic Jia:rram or the elleq!y levels of all atom in a "P"i' slalt' will, a nucl"us 

with 1=3/2, iJ. > 0, Q=O. Transitions Q, p. y, and IJ may he used 10 d"tf'rminf' Ihe 

nuclear mompnts. 

with moderate accuracy. Measurement of the field 
independent transition E, figure 2 [F = 9/ 2 , m,,= +1/2 
+->- F "" 7 12, m f = _1/zJ, at very low field gives a 
measure of L'!. W good to a precision of I part in 1010.2 

At intermediate fields the transitions y and 8, 

figure 2, pass through frequency minima and at such 
fields their low field dependence permits very sharp 

lines to be obtained. For J= I/Z states, the difference 

between these two lines is exactly 2g'If.1.0H so that g'j 
can be d eterm ined directly. In practice this 

evaluation of g'J is limited by the precision with which 
one can evaluate H. Since H is usually measured in 

terms of a transition such as {3, which depends on g J, 

2Th .. mP.a~urt':mf'n! of a frf'qut'nry ..... ith a gtaled 3Cf:Ulacy in [e-rrn!i of Hz presuppo~e,., 

thai the ge('ond i~ dl"lermlnate 10 an accuracy greah~r than thai of the mea!>uwmenl. The 

sccond of lime d .. finpd in If'rms of Ihf' rotation of the carih (UniverMI Tim~. IJTl) is sub· 

jerI 10 difficult t'orr~rtion~ for vaqing an~ular v~loclly of the carlh. which can amount to 

SO paris in lOW pf'r yt~ar Mp.a~url'mf'nt!O. of thl' 113Csi4.0 ............. ,0) hyperfint<-s!flH'!UTf' 

spliuing rnad~> in 195.') ~av~ an approximatf' valur- of 9.192.63UHO Hz of I:T IS7E"J2! 

whic.h wa~ adoptf'd a~ a provisional definition of the srcond. Sjnc~ tnt""n. how~ver, a mort' 

precise mf'8!'urcment ha~ bt'pn manlf'" in lerml'; of l::ph~meris Timf:"" (f~I) which 11>. nol 

~ubject 10 Ihf" flunualinns in tht< carth'" rotation. Tht"' value of the C!>. hyperfin~

slrurluft' splitting loa" be~n de!ermin~d 3!' 9,192.631,770 ~ 20 Hz or ET as me.a!'>ured al 

!h year 19;-,70 tSRMaI8]. Th(~ definition or tnt': !'tccond of Atomi" Time (AT), adopt~d by 

lht': 13th (;t'n(~ral Confercn(;(~ of WPlghls and Mea"Uff':"i (Paris.. Ocloher 19(7) and 

re~ort~rl hy Terrien f68Tf"021, i~ givt""n in- !fOrms of av(I33C I'l,-,,9, 192.631.770 Hz 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 

the determination of g't can be reduced to a 

measurement of the ratio g'/g J' 

In all nuclear magnetic moment measurements the 

measured quantity is f.1. jH /1 where H is the field at 

the nucleus. H differs from the applied field by the 

field induced by the core electrons. Unfortunately, 

this effect cannot be measured and the early general 

calculations of the diamagnetk corrections [41La03], 
[50DilO], [64B038] were assumed to have 

uncertainties of the order of 5%. The values of this 

correction range from 0.0006% for He to 1.16% for U. 

The tabulated magnetic moments include the 

corrections based on values in [50Dil0j. More recent 

calculations of Lin, Feiock, and Johnson [72JoI8] 

yield values of the diamagnetic correction which are 
larger than those used (up to a factor of 2 larger for 

the heaviest atoms). The values of the correction 

factors used In the tables, as well as those of 

[721018J, have been tabulated In section 2 under 

Diamagnetic corrections. 
A more complex case is illustrated in figure 3 

drawn for a 2p 312 state and a nucleus with a spin of 

3/ 2 , positive magnetic moment, and no quadrupole 

moment. The field dependence of transition a can be 
used to determine the nuclear spin I. Transitions {3, 
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"Y. and 8 can be used to evaluate the separations 
11 W(O, 1), 11 W(l ,2), and 11 W(2,3), respectively. If there 
were an electric quadrupole· moment, the zero-field 
separations would be modified as shown in equation 

(3). In the P 3/2 state the evaluation of JJ. from doublet 
separations is not as simple as in the 2S 112 case. 

The last systematic literature search for 
information included in the table was in early 1971. 

Nucleus 

I 

Q 

Refer. 

Atomic State 

F,P' 

I1v(F,F') 

Molecule Used 

Interaction 
Constants 

Explanation of Table F 

Chemical symbol with Z- and A -number 
States, other than ground states, are designated by "m" following the A -number. 

Half-life of radioactive nucleus 

Nuclear spin, in units of h/2Tr 

Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction. 
See Policies, Diamagnetic corrections, for factors used 

A 5% uncertainty in the diamagnetic correction is assumed. 

Values of JJ. calculated from I1v- or a-ratios do not include a hyperfine-structure anomaly 
correction unless so designated by a footnote. This correction can be the order of 0.001% to 
1%. See [70FuCoj. 

Values of the magnetic octupole moment, In nuclear magneton-barns, are also tabulated In 

this column with the notation "0= .... " 

Nuclear electric quadrupole moment, in barns, as given by the experimenter 
Values marked by an asterisk, ,., indicate th~t the experimenter has made some polarization 
or Sternheimer correction in computing the moment. 
Values of the electric hexadecapole moment, given in 1O-2 b 2

, are also tabulated in this 

column with the notation "Q4='.'''. 

Reference key 

Atomic state for which the hyperfine-structure splitting and the interaction constants are listed 

Total angular momentum quantum numbers which characterize hyperfine levels of the atomic 
state at zero magnetic field 

The zero-field hyperfine-structure splitting between levels of total spin P and F', given without 
sign 

Values are given in MHz unless otherwise noted. 

For molecular beam experiments, the formulae of the compounds used 

Values of the interaction constants, a, h, and c, as given by the experimenter 
Values are given in MHz unless otherwise noted. 

When the nuclear g-factor is measured directly from the resonance frequencies or doublet 
separations, it is also tabulated, in Bohr magnetons. 

Moment Ratios Magnetic and electric moment ratios as determined by molecular beam techniques 
Superscripts on the moment symbols designate A-values of isotopes 

Quadrupole interactions, eqQlh, are also tabulated in MHz 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 



906 GLADYS H. FULLER 

Table F: Nuclear Moments by Atomic and Molecular Beams 

Nucleusl, T'f2 I 11- Q Refer. Atomic State: tJ.v(F,F') Interaction Constants 
I 

(F,F') or or 

Molecule Used Moment Ratios 

:H +2.785 2 39K12 H 2• HD 

:H :+.:2.79287 14 49TOl NaOH g <'10. 4206x 10-< 15 

:H 55K48 'SI{2: 1,0 1420.405735 

:H 56B94 2'S",:1,0 177 .556865 

:H 62Me09 's 'I': 1 ,0 1420.4057500' 4 

:H 63Crl2 's 'I': 1,0 1420.405751800' 28 

:H 63Ma31 'SI{': 1,0 1420.40575173' 2 

~H +0.855 6 39KI2 H" HD, D2 ",'/",'=3.257 I 

;H +0.00273 40KI0 0" HD 
~H +0.002766' 25 50N03 from 40KJO) 

;H :+.:0.857415 7 52840 BD, D, 11- '/f.!. '=0.307011524 
;H :+.:0.002738 14 52K22 H,. D2 
;H 55K48 'S'I':'/" '/, 327.384302 30 

;B 56R57 2'51/,:'/,,'/, 40.9244.39 20 

;H ±0.002738 19 58Q02 HD eqQ=-0.22454 6 

iH :;:0.00282' 61AuOI (from 40K 1O,52K22) 

iH 66Cr08 'SI/,:'/,. '/, 327.38435230' 25 

iH :+.:0.002796c 5 66Na06 

~H 12y 57P46 'S,/,:I.O 1516.70170 7 

~H 12y 67Mal6 's "2: 1 ,0 1516.7014708087'* 71 

tBased on Ll.v('H)=1420.4057518MHz 

~He 1/2 53WOI 

~He 59W56 'S,:'/,. 'I, 6739.70134 

~He + 58N39 2'S,/,:1,0 1083.35499 20 

~He + 66Fol4 I'S "2:1,0 8665.649905' 50 

~He 0.8s o. b <=0.16, if 1=1 58C68 

~Li Ib :+.:0.8404 37M06 1'6/1"=0.258/ 

~Li :+.:0.822022 49K31 LiI, LiBr g'/g6=2.640945 

~Li >,,0 53K43 'LiCI eqQ6 positive 

Q6/ Q 7 positive 

~Li -0.OO080 E 8 64WhOI 6LiF Q6/Q 7 =+0.0176 10 

eqQ=+0.OO72540 

~Li 66Sc29 '5,/,:'/,.'1, 228.205288 

~Li 73C035 '5,/2:3/,,1/, 228.2052592 80 

~Li 3/2 b :+.:3.20 35F03 

~Li +3.254 3 41M08 Li., LiCI g=2.1692nm 

~Li =+0.02j: 49K29 Li" LiCI eqQ=+0.060. +0.192 

tCalculation of the magnitude and 

sign of Q is extremely sensitive 

to the assumed atomic wavefunctions 

~Li =-0.04'j: 53H80 j:Calculation of the magnitude and 

sign of Q is extremely sensitive 

to the assumed atomic wavefunctions 

~Li negative?c:t: 53567 Li, I 
j:Calculation of the magnitude and 

sign of Q is extremely sensitive 

to the assumed atomic wavefunctions 

;Li -0.03'+ 58Ma20 Li, I 
:l:Calculation of the magnitude and 

sign of Q is extremely sensitive 

to the assumed atomic wavefunctions 

~Li -0.016' 59Bu18 

l<eqQ=+346 2) ;Li I I 
-0.044 cE 63Ka32 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table I': Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus TII2 I JL Q Refer. Atomic State: !:J.v(F,F') Interaction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

;Li -0.043' 648r36 LiD, LiH 

I eqQ=0.068+ 2 ;Li 

I 
64Br37 Li, 

tZero external field 

~Li -0.045[4 64WhOI 'LiH eqQ=0.3552 

'LiF eqQ=0.41602 6 

;Li 66Sc29 '5>12: 2 ,1 803.5040448 

;Li -0.043" 3 70Lu04 LiH 

:Be -1.1765 39K09 NaBeF 3' KBeF 3 glg('Li)=0.3613 I 

!Be +0.0493 67BI09 3P,:'I,,5/, 435.477321 a=-124.5368 17 

+0.053* 3 '1,,3/, 

I 
312.022621 b=+ 1.429 8 

3/" II, 187.615742 

'PI:'I,,'I, 354.4365 27 a=-139.373 12 

'I"~ 'I, 
, 202.9529 15 b=-0.75344 
I 

!OB + l. 794 9 39M05 
I 

several glg('Li)=0.2755 15 

molecules 
!OB +0.07405 53W46 

(52D21) QloIQ "=2.0842) 

!"B 60Le05 'p 1/2: 'I" 51, 429.0483 
!OB +0.0804" 16 68Scl8 
!OB 10.08745" 69Sc34 
~oB +0.08472" 56 70Ne21 

~ 'B +2.6868 39M OS several glg('Li)=0.8252 

molecules 

;'B +0.0355 2 53W46 'P 31,:3,2 222.73710 a=+ 73.347 6 

2,1 144.00 2 b=+2.695 16 

1,0 70.6620 

'p 1/,:2, I 732.4 1 
; 'B 60Le05 'p 1/,:2,1 732.153 3 

! 'B +0.0357' 62K022 
! 18 +0.0386" 8 68Scl8 
; 18 +0.037" 4 69Go12 
; '8 +0.04196" 69Sc34 

! 'B +0.04065*' 26 70Ne21 

! 'e 21m 3[2 61SnOl 

! 'e 21m ±1.027 10 ±0.0308 6 64Ha46 'P,:'I,!I, 24:i.080 30 a=68.203 7 

I1-IQ negative 'I,,' I, 167.402 30 b=4'.94928 

'P,:'I,,'I, -0.20050 a=1.24210 

or +0.062 50 or 1.200 10 

! 'e 21m ±0.997' :!:0.0322" 6 68Sc18 

! 'c 21m ±0.97' 6 ±0.031*'* 3 69Gol2 tFor 11-<0 

! 'e 21m :!:1.015' ±0.03426o' 69Sc34 

! 'e 21m (-?)0.964'tl 70Woll 3p, a=-1.308' 24 

or + 1.202' 24 

tFrom comparison with 

a('P, l/a('p ,) for "c, find 

a('P 1)- - 1.30 
!3e +0.701820 41H14 K J3 CN,Na 13eN g!g('U)=0.6464 18 

!'e 70W,,1l Jp,:'I" 'I, 4.257 25 a=2.838 17 

lp ,:'/" 'I, 372.636 25 a=149.055 10 

~3N 10m 1/2 61SnOl 

i'N 10m 1/2 ±0.32212' 36 64Be24 'S31,:2, I 33.34720 a= 16.673 10 

J. Phys. Che ....... Ref. Data, Vol. 5, No.4, 1976 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus 1',/, 1 

I 
I-' 

I 
Q Refer. Atomic State: all(F.F') Interaction Constants 

(F,P) or or 

Molecule Used Moment Ratios 

;'N +0.4032 39KIO NaCN,KCN 1-'11-'(,Li)=0.1237 6 
;4N 70Cr02 '5 312 I a=1O.45092906' 19 

i b=+1.32' 20Hz 
;'N ±0.2aO 3 40Z02 15N, 

!'O 2.1m 1/2 ±0.7189" 8 63Co17 3P,:'I,,'I, 1037.23 7 a=414.a7 3 

a(" 0 )=2Ia.569 10 

!'F +2.6252 41M08 NaF g=S.2485nm 
!9F 61Ra14 'P3,,:2,1 4020.01t 2 

*Hyperfine splilling obtained by 

paramagnetic resonance experiment 
!9F ±2.6289 9 64B037 TIF 

;~Ne 18s 1/2' -1.887 I 63C022 'So vlv( 'H)=0.6754 2 

:~Ne O· ';;4xlO",if i=J 60Lu06 a<250kHz 

~~Ne 3/2 56H70 3p , 

i~Ne -0.661762 57L08 20.5% 21Ne glg('H)=0.5142744 

~~Ne +0.093 10 58G65 'P,:'I,,'I, 1034.48 10 a=-267.683 

5/,,3/, 599.44 10 b=-lIl.S5 10 

3/" '/ 2 303.9:~ 10 

~gNe 388 -1.08 1 68Do07 

;;Na 238 3/2 +2.38612" 10 65AmOl '5'1,:2,1 1906.46621 

i;Na 2.6y 3 + 1.746' 3 49001 '5,'2:'1,,'1, 1220.64 4 

:~Na 3/2b 34ROI 

;~Na +2.2152 41M08 Na, g=1.476! 15nm 

:~Na ±2.21752 5!L28 '5,,,:2,1 1771.6312 glg('H)=0.26451 2 

;~Na +0.108 12 55P33 'P 3/, a=19.0636 

or -0.909 30 b=+2.58 30 or 

b=-21.64 70 

'P,,, a=94.4550 

::Na +0.087" 10 60Bc34 

:~Na to.103' 62Ko22 

~~Na 64Br37 Na, eqQ=O.424* 2 

:l:Zero external field 

;~Na 70Ch40 'S,/,: 2, I 1771.6261275" 5 

73Co35 

;~Na ±2.21740dp 7 71C034 'S'/2 
73C035 

;~Na ISh 4 + 1.689' 5 53B19 's 'I': 9/" 7/, 1139.35 10 

;~Na ISh + 1.6902 d 10 66Chl5 '5",:'1,,'/2 1139.33258 10 

73C036 

;;Mg -0,855 2 59K82 'So glgeH)=O.612 

:~Mg +0.22 62Lu04 3p,:'".'!, 567.291 10 a=-128.440 5 

7/,.'1, 452.3:~8 10 b=16,OO95 

'1,,'1, 329.044 10 

'", 'I, 199.824 

'P,:'I,,',, 516.14010 a=-144.9455 

'1,,3 /2 349.987 10 b=-B.0295 

;~AI S/2 +3.637 10 39M08 NaCI"AICI, gjg('Li)=0.6696 

;!AI S/2 +0.1563 49Ll5 'p 31,:4,3 392.0 2 a=94.254 

3,2 274.3 1 b=lB.76 25 

;iAI +0.155' 52KlO 

J, Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus! T'I' I fL Q Refer. Atomic Siale: t!.lJ(F,F') i Interaction Constants 

(F,r) or or 

Molecule Used Moment Ratios 

~;AI I +0.1492 53Ll5 'p 1/,:3,2 1506.145 a=502.052 

;~AI I +0.150' 62Ko22 

(S3LIS) 

i;AI 68Ma23 'p 3/2 a=94.27767 E 10 
I b=18.91S3 E 7 

~~AI ±O. 140_' 2 71St44 

~~P 2.6m 1 68Ph02 
;ip 64Pell '5 31, a=+55.061 !O 

:~CI 3/2 positive -0.07955 49DI4 'p 3,2 a=205.288 10 

b=55.347 20, bja>O 

~~Cl -0.07894 2 51120 'p 31' a=205.050 5 

b=54.8735 

Q35/ Q 37= 1.2686 4 

~;Cl :':0.828 51K31 'p ,,,: 2, I 2074.3838 
~;Cl -0.0782' 52K1O 

~;Cl 0=-0.0191 32 56Ho02 'p 3/2: 3,2 670.013455 90 a=20S.046870 30 

2, I 355.221030 70 b=54.872905 55 

1,0 150.173560 75 c=-7.15120Hz 
:~CI 0=-0.0188' 30 57S28 (c=9.3; 12Hz) 

c=-6.95 120Hz 

~;Cl -0.0793' 62Ko22 

(5lJ20) 
~;CI 0=-0.0188' -0.108' 71Am02 'p 3'2 a=205.046860' 

0=-0.0162 0 ' -0.104*' (49DJ4) b=54.872934 c 

c=-7.015'Hz 
~;CI 3/2 -0.0621 5 491)14 'p 3/2 a= 170.686 10 

b=43.25620,b/a>0 
:;CI -0.062132 51J20 'P312 a=170.681 10 

b=43.255 10 
~;CI ±0.68' 7 51K31 'P'I,:2,1 1726.700 15 

::Cl -0.0616' 52KI0 

:;CI 0=-0.014832 56Ho02 'p 3/2: 3,2 555.304315 90 a= 170.686370 30 

2, I 298.127655 70 b=43.245245 55 

1,0 127.44081575 c=-5.55 120Hz 
::CI 0=-0.0146' 30 57S28 (c=5.35; 120Hz) 

c=-5.41 120Hz 

~:Ar 1.8s 3/2 1 +0.6322 65Ca04 

~:K 7.7m 3 + 1.3740' 10 65Ph02 '5,1,:'/.:1, 1415.292 9 

~:K 3/2 b ±0.397 35M08 's 1/2 

::K positive 37T04 

~:K +0.391 2 39KlO K" KCN g/g('Li)=0.120 

~:K 50001 'S'I2 g39/g<l=1.82182 

~:K :':0.39149 d 15 52E09 25 ,/, g 4<l[g39= 1.24346 d 24 

~:K ±0.07 2 57B19 P'/2 a=28.85 3 

P a/2 Q3f2=5a l/2 assumed 

b=2.8 II 

~:K 59M70 'S'/2: 2 ,1 461.71971 15 

~:K +0.070' 62K022 

(57BI9) 

I ~:K 
j 

67Da04 '51/,:2, I 461.71972338 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus T'/2 I I" 
I 

Q I Refer. Atomic State: 
I 

!lv(F,F) i Interaction Constants 
i (F,F) or or 

Molecule Used Moment Ratios 

~:K +0.053 8 68Sp03 4F 9/,:6,5 568.8 I a= 103.56 9 

b=78.8680,b/a<0 

'D7/2 a= 150.03 90 

b=78.532,b/a<0 

~:K 69ZiOI 4'P3/, a=+6.10 25 

b=+1.8/2 

~:K 70Ch40 'S,/2: 2,1 461.7197204 P 5 

73Co35 

~:K -;;0.391427 d027 73Co35 

~~K 1.3Gy 4 -1.291'5 49DOI 's ,/,: 9/" '/, 1285.735 

~~K 1.3Gy -1.2981 d 4 52E09 'S,/,!/" '/, 1285.790 7 

~!K 3/2 b 36M03 

~~K -;;0.067£ 5.3L33 39KCI, 41 KCI Q41/Q 39= 1.220E 2 

~~K -;;0.2153' 4 60Sa23 'Sl{2:2,1 254.014 I 

~~K +0.067[ 678040 39KF;41KF Q39/Q 4I=+0.8215 E 1 

~!K 70Ch40 'SI/': 2,1 254.0138700 P 5 

73Co35 

~;K 12h 2 -1.138' 5 53B19 'SI/,:'/,,'I, 1258.9 I 

~!K 12h -1.14I d 3 64KhOI 'SI/2:
5
/,,'/, 1258.877 4 

~;K 12h 0: 1. 1424' 8 69Ch20 '5",:'/,,3/, 1258.876947 15 a=-503.5507795 

73C036 g=3.10672xlO·· 45 

~!K 22h .3/2 0:0.163' 2 59P26 'S,,,:2,1 192.645 

~:K 20m 3/2 -;;0.17.34'4 67Ga08 's 1/2:2, 1 204.5873 15 0=102.2936 7 

68Ga28 

~~Ca -;;1..317 3 59K82 'So g/g('H)=0.0673 

~~Sc 3.9h 7/2 +4.62' 4 ·-0.266 66Co13 'D", a=+105.79 

b=-44 JO 

~~Sc .3.9h 2 +2.56' 3 +0.10 5 66Col3 'D", a=+ 102.5 12 

b=+ 18 8 

~~msc 2.4d 6 +3.88' J -0.192 66Co1.3 'D"2 a=+51.72 

b=-333 

~;Sc -0.22 I 59F53 '0 31,:5,4 1328.96 10 a=+269.560 20 

4,3 1085.772 15 b=-26.37 10 

'D",:6,5 635.00350 a=+ 109.034 10 

5,4 543.841 50 b=-37.31 10 

4,3 444.652 50 c=-3.5 35kHz 

;~Sc 84d 4 +3.0.3 2 +0.1196 62Pe21 '0 31,: "/,,9/, 838.06 11 0=+150.5769 

9/" '/, 674.12 6 h=+ 14.38 14 

'/,:/, 517.1310 

'OSI': 13 / " "/, 405.846 a=+60.9064 

"/,:1, 336.19 2 b=+20.41 10 

9/" '/, 270.143 

'/,:1, 207.05 3 

'/ ,,' /2 146.25 3 

;;Sc 3.4d 7/2 +5.34' 2 -0.223 66Col3 '0", a=+ 122.25 

h=-38 6 

~~Sc 1.8d 6 67Re06 'D'12 

~;Ti 3.1h 7/2 ±:0.095' 2 :!:0.015 15 66Col9 J=3: 13 / ,. "/2 30.53 0=4.59 7 

I"IQ positive "1,.01, 25.43 b=1.5 15 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus TI/' I fA. Q Refer. Atomic State: {},.,(F,F') Interaction Constants 

(F,P') or or 

Molecule Used Moment Ratios 

~;Ti +0.29 I 65Ch19 'F2 a=-85. 7033 J 3 

b=+25.700i 3 

'F, a=-52.9047 i 7 

b=+28.082 i 9 

'F. a=-37.9918 J 6 

b=+37 .681 J 10 

;~Ti +0.24 I 65Ch19 'F2 a=-85.7261 J 3 

b=+21.070J 3 

'F, a=-52.9183; 5 

b=+23.030 i 10 
3F. a=-38.004Z J 5 

b=+30.842 J 13 
Q49IQ 47=+0.819 J 

~iV 31m 312 67Re06 4F 912' 6D 

:~V 16d 4 66Re06 4F 9/2' 4F ,/. 

~!V -0.052 I 67ChlO 4F 9/2 a=227.136 1 

b=8.25960 

c=0.0022 

4F '/2 a=249.7522 

b=5.595 60 

c=-O.OOI 2 

4F ./. a=32J.251 3 

b=3.964 55 

c=O.OOO 2 
4F 3/2 a=560.0692 

b=3.98224 

-0.052 I 6D./2 a=406.8522 

b=14.34465 

c=0.OO69 
! 6D7/2 a=382.369 1 

b=2.44230 

c=O.OOI 3 

6D./2 a=373.529 I 

b=-4.94235 

c=O.OOO 2 
6D

3I2 a=40S.648 2 

b=-6.916 50 

6 D 1/2 a=751.545 3 

~:Cr 42m 5/2 :!:0.4 76" 3 701027 'S,: " 1.:I• 273.657 20 a=49.7542 
91., '1 2 223.893 9 b=0.0l8 17 

'/2,'1 2 174.134/2 bla>o 

~!Cr 28d 7/2 59C24 

~!Cr 28d :!:0.934' 5 70Ad07 's, a=69.701 2 

b=0.015 23 

bla<O 

~!Cr 63Chl7 'S,="/ 2 • '/. 371.691 II a=82.5985 15 

'/.: I. 289.095 7 b=0.0038 

51.,'1. 206.499 7 bla<O 

~:Cr 64Pell 's, a=-82.S994 16 

b=+0.008 12 
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912 GLADYS H. FUllER 

Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus! TIl' I I'- Q I Refer. Atomic State: tlv(F,F') Interaction Constants 
(F,F') or or 

i 
Molecule Used Moment Ratios 

~~Mn 45m 5/2 ±3.56' 68Jo\9 ·S'12 a=74.8352 

! b=0.024 7 
;~Mn 5.7d 6 ±3.058' 1 66Ad03 ·S5/2 + admixtureSI a~26.759 3 

Ibl<O.IOO 
~~mMn 21m 2 ±0.0076' 4 65Ph04 ·S512 a~±0.200 4 
~~mMn 21m 2 ±0.0076' 3 65Sa22 ·S'/2 0=0.200 3 
;;Mn 5/2 57W46 ·S512 
;~Mn 65Ev07 ·S512 0=-72.42083 7 

b~-0.0183 8 

(c=O assumed) 
;:Mn 2.6h 3 +3.223' 2 61Ch05 'S512:"/2"/, 310.17315 a=56.392423 

9/., '/, 253.766 10 b,;;0.050 

I '/,:/, 197..3758 

;~Fe 66Chl6 'D. 0=+:18.0795 10 

'D, 0=+26.35] 2 
5D

2 0=+18.7622 
5D, 0=+14.077 5 

;:Fe 45d 3/2 650011 5D• 

;~Co ±0.40440 61EhOI 'F9/2:8.7 3655.470 200 a=450.284 10 

7,6 3169.44050 b=139.6350 

6,5 2695.056 JOO 

5,4 2230.63850 

4,3 1774.54850 

;~Co 65Chl9 4r 1/2 0=+490.5779 i 8 

b=+95. IS3 i 16 

'r 5/2 0=+613.3762' 8 

b=+68.255 i 14 

~~Co +4.64 21 fO.380 68Ch09 4r 912 :(3d' 48 2) 0=450.283 1 

I 
b= \39.23030 

I c=O.ooo 3 

4r 112 0=490.567 2 

b=94.501 36 

c=O.OOO 4 

4F SI' 0=613.3493 

b=67.S41 50 

c=-0.002 3 

4r 3/2 0=1042.981 J 

b=67.6182 

+0.345 'r 9I,:(3d"48) 0=828.7994 

b=-1l8.8 3 

c=0.002 4 

'F ,I, a=668.919 I 

b=-79.22 

c=0.0044 

'F 512 0=562.183 3 

b=-54·.8 3 

+0.36t 7 t Average value 

~~mco IO.5m 2 68Ro08 

~~mCo IO.Sm 2 +4.40" 9 +0.3'4 69Hul2 
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NUCLEAR SPINS AND MOMENTS 913 

Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus i 1',/, I i J1. 
[ Q Refer. Atomic State: t,v(F,F') IlnteraClion Conslants 

(F,F') or : or 

Molecule Used Moment Ratios 
! 

~!Ni +0.126 68ChlO 3F.:(3d"4s') a=-215.040 2 

b=-56.868 18 
I c=O.OOO 1 

'F, 0=-299.311 2 

b=-42.063 13 

+0.130 'D,:(3d 94s) a=-454.9723 

b=-102.95! 16 

c=O.OOO 1 

'D, a=-171.584 7 

b=-56.34723 

+0.16*t 2 :j: A verage v nlue 

~~Cu 24m 2 S8RlO 

~~Cu 24m +1.219'3 I 68PhOJ '5,/,:5/,,'/, 60334 0=2413.1 16 

~!Cu 3.3h 3/2 57N09 

~~Cu 3.3h 3/2 S8RlO 

~!Cu 3.3h +2.13' 4 66DoOl '5,/,:2,1 11225 200 

~;Cu 9.9m 1 66DoO! '5./2 

~;Cu 9.9m I -0.380' 4 68PhOl '5 ,/,: 'I" 'I, 2257.25 a=-1504.8 3 

~;Cu 57T12 'S,/,:2,1 11733.83 I 

~;Cu +2.22284 67Fill '5,12: 2, I ]]733.81741240 

~~Cu 69BlO8 'P 5/2 0=2031.239 I 

b=78.9934 

c=-]OO 180Hz 

4F 9/' a= 1323.891 1 

b=137.8745 

c=-340 350Hz 

g6';g6'=0.9335245 

~:Cu 13h I :to.216· 4 54L40 '51/2:'1,,'/, 1278 20 

::C" 13h -0.216' 2 66DoOl 'S,/,:'/" 'I, 1282.140 8 

~~Cu 57T12 '5,/,:2,1 12568.81 I 

~~Cu +2.38124 67Fill 's II': 2, I J2568.779943 120 

~:Cu 69BI08 'P 5" a=2175.811 2 

b=73.1119 

c=-'lO 32Hz 

OF 9" 0=1418.1232 

b=127.58619 

~:Cu S.2m I ±0.283' 5 64Ro04 's ,/2:';" 'I, 1670 15 

~:Cu S.2m 1 -0.281' 2 69C,,09 's II' 0=1112.52,,4 

:~Zn +0.16 62Lu04 'P,:"I,. 'I, 2418.111 25 

'I,.' /, 1855.690 15 

; I,,' /, 1312.065 15 

'I"~ '/, 781.865 15 

~~Ga 9.5h O· <0.00004, if 1= 1 57W35 'P,,, 

~:Ga 78h 3/2 57H86 

~;Ga 78h + 1.84884 +0.22 68Eh02 'P ",:2,1 2457.72726 90 a= 1228.86582 45 

g=6.705xl0-< J3 

'P'I' a= 175.09736 15 

b=71.95750 55 

~~Ga 68m I 58H1I4 I 

~~Ga 68m :;:0.01175' 6 :to.0313 16 62Eh02 'p ",:'1" II, 17.57415 0=11.71610 

/-LIQ negative 'P'I,:"/,,'I, 8.69533 (a= 1.660' 10) 

'/,.'1, 25.611 41 b=IO.27617 
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914 GLADYS H. FULLER 

Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus 1'1/' I p. Q Refer. Atomic State: 1l,,(F,F') I nteraction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

~~Ga +1.999t 5 +0.186 48B17 'p '1,:2, 1 2677.5610 g=7.239xlO-4 15 

'p 31,:3,2 634.89020 a=190.790 5 

2, I 319.062 10 b=62.5JB 12 

1,0 128.274 10 i c<lOOHz 

tOetermined from C!.m=±1 doublet 

separation [or J=3/2 state. 

I 
Value subject 10 error due 10 

I 
perturbation effects of nearby 

I 
slales 

~~Ga +0.231B' 49DI4 

~~Ga +0.190< 52KI0 

~~Ga 11=:'::0.10720 54D26 'P3l,:3,2 634.90183 20 a= 190. 79428 /5 

2, I 319.0670620 b=62.5224730 

1,0 128.27730 20 c=846Hz 

~~Ga 56L53 'P l/2:2,1 2677.987510 

~~Ga 11=+0.137" 5 57S28 (c=50.2 i 33Hz) 

c=93.0 34Hz 

~~Ga +0.183< 62Ko22 

(54D26) 

~~Ga +2.0145' 3 68FolO 'P ,I,: 2,1 2677.9871620 g=7.29530xl0-4 33 

! 'p 31' a= 190. 79436 Il 

b=62.5231923 

c=90 6Hz 

7)= 1.0B86 290 a"'=-107.7698 

~~Ga 21m 1 62EhOl 'P'I' 
!!Ga +2.S47t 5 +0.117 48B17 'P'I,:2,1 3402.09 20 g=9.218xlO-4 15 

'p 3/2:3,2 766.673 20 a=242.4245 

2,1 455.450 10 b=39.398 10 

1,0 203.028 10 c<IOOHz 

tDetermined from Ilm=± I doublet 

separation for J=3/2 stale. 

Value subject to error due to 

perturbation effects of nearby 

slales 

~:Ga +0.1461< 49DI4 

;:Ga +0.120< 52KIO 

;:Ga 11=:.+:0.14620 54D26 'P 31,:3,2 766.69580 20 a=242.43395 20 

2,1 445.46960 20 b=39.39904 40 

1,0 203.04340 20 c=1157Hz 

~:Ga 56L53 'P '/,:2, I 3402.6946 /3 

;:Ga n=+0.180< 5 57S28 (c=B6.0' 33Hz) 

c= 121.9 34H,. 

;;Ca 14h 3 -0.13210' 5 +0.58 1 60Ch13 'P'I,:'I,!I, 153.653 I a=-43.90093 

'Pm:"!" 'I, 117.1033 a=-6.2593 27 

'1,,'1, 89.700 15 b=+193.693 16 

;;Ga 14h -0.13211 3 +0.59 68Eh02 'PH,:'/,.'I, 153.65266 53 a= -43.90076 /5 

'P 31' a=-6.25698 J 1 

b=193.6736580 

~~Ge 38h 5/2 ±0.735'7 :'::0.028 6 700102 3p, a=23.40 3 

p./Q positive b=8.288 

;!Ge lid 1/2 +0.65 20 63Chl2 '3p ,='/" 'I, a=B7.0053 

'P,:'/,!/, a=357 6 

~~Ge Jld :'::0.546' 5 66Ch02 'P, (a=87.0053) 

~:Ge lid ±0.547' 5 700102 'P, a=+360.53 6 
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NUCLEAR SPINS AND MOMENTS 915 

Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus 1"1' I 11- Q I Refer. 

I 
Atomic State: 

I 
t:;v(F,F') : Interaction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

~:Ge -0.18:1: 3 66Ch02 'P 1 a=+lS.S480 18 

I 
b=-54.S669 

'P, a=-64.4270 7 

b=+111.82513 

tAverage value 

!~Ge -0.173' 26 700102 

!~Ge 82m 1/2 +0.509' 5 700102 'PI a=-81.068 
Jp, a=+335.949 

;~As 5Sm 1- 69Ph04 

;;As 26h 2 ::+:2.2'· 69Ph04 

~~As 64Pell 'S3/, 0=-66.204 I 

b=-0.535 3 

;~As 26h 2 ::+:78 61ChlO 'S3/':'/,!/, I 1174 : a=30.5 35 

'/2!I, 69 16 i b=12 14 

!:Br 17h I ::+:0.5479' I ::+:0.26 I 60Lill 'P'/2:'",'I, 1256.475 a=345.422 14 

I1-IQ negative 3/ ,,1/, 189.11 5 b=314.32922 

~~Br 58h 3/2 59G92 

;~Br ::+:2.11021 47B24 CsBr, LiBr 

~:Br S3F33 3·KBr Q79/Q81= 1.1973 E 6 

;:Br 312 positive +0.32 2 54Kli 'P 3/2: 3,2 2269.552 a=884.810 3 

2,1 2154.499 b=-384.8788 

1,0 1269.702 c,,;O.OOOl 

~:Br +0.293< 62Ko22 

(54KIl) 

~:Br 0=+0.116 66Br03 'p 31,:3,2 2269.55564 10 a=884.80977 6 

2,1 2154.49879 10 b=-384.8828420 

1,0 1269.7010050 c=388 8Hz 

;:Br 69He04 LiBr Q 7·IQ"' = 1.197056 6 

;:Br 0=+0.123' +0.445' 71Am02 'p 3/2 a=884.809720' 

0=+0.0928·' +0.367·' b=-384.882900' 

c=393'Hz 

~~Br 18m 1 59L41 

~~Br 18m ::+:0.5138' 6 ::+:0.188 64Wh05 2p 31,:'12,31, 525.2 12 a=323.94 

/LIQ positive ±0.19· 'I,. 'I, 998.0 10 b=227.6210 

~~mBr 4.Sh 5 59L41 

~:mBr 4.5h +1.31706 +0.71 3 64Wh05 'p 3/': 13/ ,. "l, 510.6225 a=+ 166.05 2 

+0.74' "I,"', 1277.8018 b=-874.92 

:;Br ::+:2.271 23 47B24 C.Br, LiBr 

~!Br 312 positive +0.272 54KIl 'P 3/,:3,2 2539.794 a=9S:~. 770 3 

2,1 2229.056 b=-321.5168 

1,0 1275.271 c";O.OOOl 

~!Br fl=+0.129 66Br03 'P 3/2:3,2 2539.79156 10 a=953.76818 6 

2,1 2229.05377 10 b=-321.52428 20 

I,D 1275.3035250 c=430 8Hz 

~~Br 36h 5 ::+:1.6264' 5 ::+:o.n 3 59G12 'P3l2:
13

/" Ill, 766.82 60 a=205.045 

/LfQ positive 1I/,."I, 1287.3243 b~870. 7 9 

9 / " 'I, 1488.6 II bla=-4.246 I 

~:Kr 9/2? -0.971 46K05 

~!Kr 912 +0.2515 61Ku07 3p,:'3 /" 11/, 1830.714 10 a=-243.970 4 

11/,:1, 1341.82020 I b=-452,12 8 
(c=-2 2kHz assumed) 
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Table F: Nuclear Moments by At'omic and Molecular Beams - Continued 

Nucleusl 1',/, I jJ. Q I Refer, Atomic State: t:.v(F.F') Interaction Constants 
(F.F') or or 

I Molecule Used Moment Ratios 

~!Kr I 0=-0,186 +0,270 13 63F'aOl Jp,:"/,."/, 1830,72365 a=-243,9693 1 
i "/,:1, 1311,82172 b=-452, 1697 36 

9/ ,. '/, 956,5583 2 c=-0,00080 20 

'1,:1, 656,0844 30 
~!Kr lly :':1,005 +0,424 61Ku07 (M/ 85; M 83= LmS 2) 

(55RI3) (Q85/ Q 83=L6610) 

:;Rb 4,7b 312 56H52 

~;Rb 4,7h +2.05' 2 S7H7S 's 1/,:2.1 5097 13 
~;Rb 4,711 +2.42 d 44 62F'a04 's 1/2:2.1 5111,58940 
~;mRb 32m 912 56H69 
~;mRb 6.3h 5 56H52 
~:mRb 6.3h +1.50' 2 57H75 'S'/2: "/,:1, 3094. I 24 
~;mRb 6.311 62F'a04 's '/2: "/,.9/, 3094.0846 
~;mRb 6.3h ::!: 1.6427 12 68Co18 'S'12:"/,,9I, 3094.08265 30 
~;Rb • 83d 

I 512 56fl52 

~~Rb 83d + 1.42' 2 57H75 'S'/2:(3.2) .3183.358 

~~Rb 33d 2 56H52 

~~Rb 33d -1.32' 2 57H75 's 1/2: 51" '/, 3077.551 

~~Rb 33d 62Kh03 's 'I': 5/" 3/, 3083.1594 

~;Rb 5/2
b 

36MOl 

~;Rb + 1.3465 39K07 Rb, glg('Li)=0.247 1 

~;Rb 54B5 85 R b3Sei Q85IQ 8'=2.0669 E 5 

~;Rb ±0.272 56S59 'p 3/,:4,3 120.8 a=25.3 2 

3,2 65.0 b=24.4 13 

'p 1/2:3,2 3623 a=120.7/O 

~~Rb ±0.30< 62Ko22 

(56S59) 

~;Rb 62Pel4 'S,/,:3,2 3035.732439 5 

~~Rb 64Bo07 85RbF' eqQ=-70.3406 E 10 

~~Rb 67Bo40 RbF Q85/Q 8'=+2.066946 

~~Rb ::!:1.3521 10 67Gr08 85RbF 

~;Rb + 1.3524 h 2 68EhOl g/gj" 

-1.466478xlO- 4 22 

~~Rb t-1.3524 d 2 69De33 g /g j" 
-1.466477xI0- 4 34 

~~Rb 19d 2 -1.70' I 53819 'S,,,:'I,:I, 396020 

~~Rb J9d -1.6912 d 5 6lBrl6 's 1/': 5/" 'I, 3946.883 2 g=4.590x 10 4 4 

~;Rb 47Gy 3/2 b 36MOI 

~;Rb 47Gy +2.744 9 39K07 Rb, gjg('Li)=0.B399 28 

:;Rb 47Gy ±0.13 I 56559 'P 3/,:3.2 265 3 a=8S.8 7 

b=11.8 Ii 

'P '/' a=4094 

~;Rb 47Gy 61E803 'S1l,:2,1 6834.682614 I 

~;Rb 47Gy 62Pel4 'S1I,:2, I 6834.682614 3 

~;Rb 47Gy +2. 74996 d 20 67Fil1 

~;Rb 47Gy 68Du05 5
2
P 1/2: 2,1 BI2 15 

~~Rb 18m 2 :to. SOB' 5 68Va03 's 1/':'/" 31, IIB6.084 18 

~~Sr -1.0924 9 59K82 Sf metal 
i 

~:y 59F58 '0 3/2:2,1 114.7220 a=-57.217 15 

'D 5,,:3,2 88.63 60 a= -28. 749 30 
90 c' 62Ko22 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus Tl/2 I I IL Q Refer. 

i 

Atomic Slale: I t:J.v(F,F') Interaction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

~gy 64h 2 -1.629' 8 -0.155 3 62PeOl '°5/2:"/"';' 403.71937 a=-85.2586 

'I,.' /, 293.203 22 &-29.71638 · / ,.' /, 198.287 24 

'/,' II, 114.515 19 

'0",:'/,,5/, 613.023 34 a=-169.749 7 

5/" ';, 410.871 24 b=-21.602 27 

'1,,11, 235.722 26 

:!y 58d 1/2 ±0.1640· 8 62Pe21 'D",:2,1 136.69 3 a=68.342 

'0./2:3,2 103.054 a=34.353 

!~'Rh 68Ch16 'F 912 a= 175.574 1 

4F 712 a=87.416 1 

'F ./2 a=107.3852 

4F 3/' a=32.377 J 

'F 7/' a=88.198 1 

'F 51, a=210.88 32 

'0 512 a=87.364 2 

'Om a=91. 718 J 

!~'Pd +0.8 1 65Ch19 3 D, a=-391.178 i 1 

b=-652.906 i 15 
3 D, a=+66.359' J 

b=-398.192 i 10 
10, a=621 i 5 

b=490 J 30 

!~IAg 9m 9/2 70Wa35 

!~'Ag 13m 5 70Wa35 

!~'m Ag 7m 2 6BGrOl 

!~'m Ag 7m +4.2" 2 71Gr60 'S",:5/,.'I, 39400' 1800 
!~3Ag 66m 7/2 5BEB5 '5,/, 
!~'Ag 66m +4045 d 5 70Wa35 's ",: 4,3 39700500 a=9925 125 

!~'Ag l.2h 5 59EB9 'SII2 
!~'Ag 1.2h 5 +4.0'~; 61Am02 's 1/2: "/"9,, 33500~;~~~ 
!~'mAg 27m 2 58RIO '5", 
!~'mAg 27m 2 59EB9 'S'" 
!~4m Ag 27m 2 +3.7'2 61Am02 '5,/2:'1,.'1, 350002000 
!~5Ag 40d 1/2 58EB4 

!~5Ag 40d ±0.1014' IO I 63Ew02 '51/,:1,0 1529.057 20 

!~'Ag 24m I I 5BRI0 '5,/, 
!~6Ag 24m 1 59E89 '5 II' 
!~6Ag 24m positive 61Am02 

large 

!~6Ag 24m +2.B8' 14 68Ph02 '51/2:
3
", 'I, 32700 1600 

!~'m Ag 8.3d 6 59E89 '51/, 
~~7Ag 53W33 '51/2:1,0 1712.564 
!~7Ag 66BIII 'D s/2:3.2 378.B453 3 a=-126.2818 I 

4F .,,:5,4 1596.75066 a=-319.3395 

!~7 Ag 670a04 's 1/,:1,0 1712.512111 18 

~~7 Ag -0.113431 b 70 69De33 g=1.22982xlO-4 71 

!~·Ag 204m 1 64Ro04 

!~·Ag 204m +2.80' 1 69Cu09 '5,12 a=20800 150 

!~'Ag 53W33 'S,/,:I,O 1976.944 

~~. Ag 66BlIi '0 51,:3,2 435.4750 15 a=-145.15B45 

'F "2:5,4 IB41.1564 9 a=-36B.2149 

!~. Ag 670a04 '5 II': 1,0 1976.932075 17 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus T,/, II iJ. Q Refer. Atomic State: t:J.v(F,F') I Interaction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

~~9mAg 408 7/2 655118 
!~9m Ag 408 i:4.31" 4 

I 
665122 

!iOAg 245 I +2.85' 5 ! 69Cu09 '51/2 a=21200 300 
~;om Ag 253d 6 58E84 '5", 
!;omAg 253d +3.604d 4 67Sc01 35",: 13/" "12 30313.7564 

!i'Ag 7.5d 112 i:0.144' 7 54L40 '51/,:1,0 2180 lOa 

l;'Ag 7.5d 1/2 -0.145'2 56W27 '5",:1,0 2204.545 

!;'Ag 3.2h 2 i:0.0548' 5 64Ch06 'S'/2:5/,,3/, 518.332 18 

!;'Ag 5.3h 1/2 ±0.159' 2 64Ch06 's ",:1,0 2408.06528 

!~ 'Cd 60Fa08 'P,:'/,:I, 8232.341 2 

!!'Cd 60Fa08 3P,:'/,.'I, 8611.5864 

!:9In 4.3h 9/2 +5.53' 6 + 1.20 59M19 'p 3/' a=242.3856 

b=462.164 

!!Oln 66m 2 67Pr13 'p 3/' 

!!Oln 66m 12 +4.3604 +0.36 2 68CalO 1 'p ", a=429.20 36 

68Ca25 b=192.57 

!!Omln 4.9h 7 +10.4'1 -0.290 59M19 'p 3/' (for iJ.>0) a=291.4 12 

or or b=-112 16 

-10.7' I +0.311 'P ", (for 1-'<0) or a=-301.4 13 

b=120 17 

~! lin 2.8d 9/2 +5.53' 6 + I 18 59M19 'P >12 a=241. 7830 

b=45S.334 

!!'In 11m 1 +2,81 3 +0,0895 68Cal0 'P ,/, a=5544 

68Ca25 b=48.325 

!! 2mln 21m 4 68Cal4 

!!3In 9/2 38MOS 

!~ 31n i: I. 144 SOM02 'p 3/' (a=241.624· 24) 

5,4 1115.807 b=443,102 44 

!! 'In i:0.820' 52KIO 

!! 31n fl=±O.574 15 i:0.82 2 57E07 'P 3/2:6,5 1745.45755 a=241.64129358 

5,4 1115,82535 b=443.4662652 

4,3 670.95525 c=0.00172845 

!!'[n 57E09 'p 1/2:5,4 11385.4300 20 

!~ 'In +O,77r 62K022 

(50M02) 

!! 3m [n l.7h 1/2 -0.2]050' 6 60Ch08 'Pl/,:l,O 781.084 10 

!!4"'ln SOd 5 +4,7' I 57(;23 'P,/.:",.,",. 9700200 

!!'In 0.6Jy 9{2 38M05 

!! 'In 0.6Jy 9{2" :<::0.84 39HI2 'p 312:6 ,3 3552.045 a=243.0 30 

b=458,8 78 

!! 'In 0.6Jy 912 +5.52~ 4 42H07 2p 1/2: 6 ,5 11387 3 t:J."II5It:J."113= 

1.00224 10 

:j:Determined from t:J.m=i:! doublet 

separation for )=3/2 slale. 

Value subject 10 error due 10 

perturbation effects of nearby 

stales 

!! 'In 0.6Jy i:I.J6! 50M02 'p 3/.:6 ,5 1752.702 35 a=242.165 2 

5,4 1117,153 24 b=449.562 17 

4,3 668.960 13 

!! 'In 0.6Jy :<::0.834' 52KlO 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus '1'1/2 
I I 

/.L Q Refer. Atomic State: c,.v(F,F') I nteraction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

!! sIn 0.6]y 0=:<:0.565 12 57E07 'P ,12 :5,4 11409.7474 39 

'P 312: 6 ,5 1752.6865 2 a=242.165057 23 

5,4 1117.16762 b=449.59656 21 

4,3 668.9631 2 c=0.001702 35 

!! sin 0.6Jy 57E09 2PIJ2:5,4 11409.7506 20 

!!5In 0.6]y 0=+0.475< II 57S28 (c=82; 32Hz) 

c=168240Hz 

!!5m In 4.5h 1/2 61Ki02 

!! 5D1 ln 4.Sh -0.24371' 7 62Cal4 'p II' a=-903.5 11 

'p 31' a=-9S.973 10 

!!6tDIn 54m 5 +4.21' 8 56N12 'p '/2: "/,,9/, 8670 170 

~~6mln 54m 5 +4.4' I 57G23 'p ,,,: "/,,9/, 9000200 

~! 'In 45m 9/2 63Ca05 
!!7Mln 1.9h 1/2 -0.25146 3 68Mu04 'p '" 

a=-932.996 12 

2p 312 a=(-)99.0055 

~~3Sn 1I8d 1/2 :<:0.879' 9 69Pr07 'P,:'/,,'/, 728.91 66 a=485.911 25 

!~5Sn 65Ch06 'P, a=+507.4454 

'P, a=-1113.770 4 

~~'Sn 65Ch06 'P, a=+552.608 4 

'P, a=-1212.9563 

!!'Sn 65Ch06 'P, a=+578.2964 
Jp, a=-1269.4193 

~!'Sn 27h 3/2 ±0.699' 7 ±0.084 69Pr07 'P, a=128.7268 

/LIQ negative b=32.374 12 
~~3mSn 40m 3/2 68Ch38 

!:'Sb 31m 5/2 +3.46" I -0.28:j: 7 68Ja05 '5 312 a=-307.6819 

b=-3.75 

tFor QI21=-0.28 

;:6Sb 15m 3 68Ga08 

~:7Sb 2.8h 5/2 +2.67' 1 -0.42t 8 68Ja05 ·S 3/' a=-237.91 /5 

b=-S.S 5 

tFor Q'21=-O.28 

!:""'Sb 3.5m 1 ±2.46' 7 68JaOS ·S 3/2 a=S47 13 

~:'Sb 38h 5/2 +3.45' 1 -0.29+ 7 68Ja05 'S31' a=-307.166 

b=-3.84 

:tFor Ql2I=-0.28 

!iOSb 16m I ±2.34' 22 68Ja05 'S31' a=520 47 

;:'Sb -0.203 60Fe07 'S3{2:4,3 1199.08 1 a=-299.0344 

3,2 819.45 1 b=-3.68 2 

2,1 595.12 I 

!;'Sb 2.8d 2 -I. 90" +0.66+ 4 60Fe08 a=+212.01 6 

b=+8.75 

:j:For Q'2I=-0.28 

~;3Sb -0.36+ 5 60Fe07 'S3/2:5,4 815.60 I a=-162.4513 

4,3 648.46 I b=-4.673 

3,2 484.02 1 

:tFor QI2I=-0.28 

~~'Sb 60d 3 60Fe08 

!~'Te 2.5h o· 61Ax04 
~;7Te 61m 1/2 61Ax04 

~;'Te 16h 1/2 61Ax04 

~:9Te 16h ±0.255 6SAd03 J=2 a=42520 

~~9I11Te 4.5d 11/2 61Ax04 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus 

g'r 
~~41 

!i6
I 

!;71 

;;71 

!!?] 

;;'1 
;;'j 

~;'l 

~~71 

127] 
53 

~~·I 
!~oJ 

!!Ol 
!~ 'I 
!~ 'I 

~;'l 
!:'I 
!~'I 

;;'] 
;:'1 

'35 
53 I 

;!'Xe 
!!'Xe 

1'1/2 

13h 

4.0h 

13d 

25m 

12h 

12f) 

Sd 

8d 

2.3h 

2.3h 

2.3h 

21h 

21h 

6.7h 

I fL 

5/2 
2 
2 

5/2 

0=+0.3 

0=+0.181" 47 

I 

0=+0.265" 

0=+0.167'" 

1 

5 

5 

7/2 
+2.738' 1 

4 

4 

:!:3.0S' 2 

JLIQ negative 

7/2 

+2.836' 5 

7/2 

fl=+0.048 12 

J. Phys. Chem. Ref. Data, Vol. S, No.4, 1976 

Q 

-0.819+ 

-0.69" 3 

I 

-0.789<:1= 

-0.64" 

-1.097" 

-0.750'" 

-0.40 1 

-0.41' I 

:!:0.075 15 

-0.26 1 

-0.27* 1 

-0.12012 

Refer. Atomic State: 

• 

CJ..,(F,F') Interaction Constants 
(F,F') or or 

Molecule Used Moment Ratios 

S8GI8 ! 

5SGIS 

60Gal2 

53K14 

53123 :l=Livingston et a1. (531.24) quote the ~npublishcd value 

of Q127=0.819b of Jaecarino, King, and Stroke. The 

subsequent paper by 1accarino et al. (54107) does not 

give a value of Q but does present the interaction 

con slants and a value of 0 127 In a private communi-

cation, Stroke quotes a value of Q 127 =0. 789b. This 

was obtained from the interaction constants of 54J07, 

using the measured 0 1
'7 to obtain < I/r'>. It also 

includes relativistic corrections 

54107 2p ,/,:4,3 4226.17215 1 0 =827.2653 
3,2 1965.884 10 b= 1146.3~6 10 
2,1 737.492 8 c=0.0024::. 37 

55M88 

57528 (c=0.00287; 37) 

595146 :j:Livingston et a 

I c=0.00201 52 

(53L24) quote the unpublished value 

of QI27=O.819b of Jaccarino, King, and Stroke. The 

subsequent paper by Jaccarino et al. (54J07) does no! 

give a value of Q but does present the interaction 

constants and a value of 0 127
• In a private communi-

cation, Stroke quotes a value of Q 127 =0. 789b. This 

was obtained from the interaction constants of 54J07, 

using the measured 0 '2' to obtain < l/r 3>. It also 

includes relativistic corrections 

62K022 

(54J07) 

71Am02 'p ,/2 a=827.26S02< 

(54J07) b= 1146.35920" 

c=2602"Hz 

59563 

58G20 

59S63 

58G!8 

60Lil3 'p 3/2: 5 ,4 3292.99 9 0=575.903 7 

4,3 2138.22 5 b~578.866 75 

3,2 1314.24 7 

59S64 

60Ga12 

62Whll 'P'I' 0=567.626 

b= 128.2 206 

60Ga12 

6!A120 'P'I,:5,4 3260.! 73 0=597.0 10 

4,3 2277.946 b=38S.2 74 

3,2 1515.961 
, 

60Gal2 

61 FaOS 3 p ,: '/ ,,' /, 

6!Fa05 'P,:'/,.'!, 

'/,,3/ , 
'/,,1/, 

5961.2577 9 

2693.6234 7 

1608.34758 

838.76364 

a=+706.4714 7 

b=+252.5145 64 

c=+0.000728 105 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

! 

I 
Refer. Atomic Siale: /);v(F,F') Interaction Constants Nucleus T", I /l. Q 

W,F') or or 

i Molecule Used Moment Ratios 
: 

i;5C5 45m 1/2 +1.41'2 7IDaOl '5'12: 1,0 875440 

~;'Cs 6.2h 1/2 S6Nl6 
;;'C5 6.2h +1.43"4 S8N27 '5",: 1,0 8950200 
;;7CS 6.2h fl.43'2 62Kh03 '51/,:1,0 8900 150 
!~7CS 

, 
6.2h +1.46' 2 71OaOI '5",:1,0 910945 

~~9CS 3lh 1/2 56NI6 
!;9CS 31h +1.47'4 58N27 's 1/2:1,0 9200200 
~;9Cs 31h + 1.479' 6 62Kh03 's 1/2: 1,0 922930 
~~oCs 30m I 56N16 
~~oCs 30m +1.37'8 58N27 '5 1/2:3", '" 6400 350 if /l.>0 

-1.4S'8 or 6800 350 if /l. < 0 
;;'Cs IOd 5/2 +3.53' 4 53819 '5 ,,,::3,2 13200 llO 
;!'Cs 10d 5/2 56N14 
;~ICS IOd +3.537 d 2 65Wo05 '5 11,:3,2 13181.3752 g=7.663xlO-' 4 
;~'Cs 6.2d 2 + 2.22' 2 58N27 '5 112 : 5/ " 3/, 864835 
i:'cs 7/2 34C04 
~~3Cs +2.574 /3 39KIO Cs"CsF,C.CI g/g('Li)=O.3369 
~~3C. -0.0033 39 568ul9 2p 3/2: 5 ,4 252.5 10 a=50.67 II 

4,3 203.0 11 b=-0.4653 

3,2 152.08 
!~3CS 58Ma18 '51/,:4,3 9192.63177020 
~~3CS 66En03 '3JCsF eqQ= 1.241 E Jl 
!~3CS 67Ma09 6'PII,:4,3 1167 E 40 
!;'Cs 2.2y 4 +2.98' 1 52JI8 '5 ",: "I"~ '/, 10465 12 
!!4CS 2.2y 4 +2.98' 1 S3BI9 '51/,:"/,,'/, 1044030 

!!'Cs 2.2y +2.9889 d+ 12 575111 '5'1,:9/,,'/, 10473.626 15 gig 13J= 1.01447" 29 

tUsing /l.~::=2.563189 15 (68HaOI) 
~!4mCs 2.9h 8 + 1.10'1 55G04 's I": "I" "/, 3684.59420 
~~4mCs 2.9h 8 +1.10' I 55G31 '5 11,: "/2, 15 / , 3684.55 
~~4iDCS 2.9h + 1.0960d+ 3 62Col4 '5 1/2: "/,,15/, 3684.578640 175 

:):Using /l.!!!=2.56.3189 15 (68HaOI) 
!!4m

Cs 2.9h 67Ma09 6'Pl/2: 17 / " 15/, 473 E 60 

!~'Cs 2My 7/2 +2.728' 2 49DOI '5 11,:4,3 97248 
!~5C8 2My +2. 7280d~ 8 575111 's 1/,:4,3 9724.023 15 gig 

133 = 1.05820· 8 

tUsing iL~~!=2.563189 /5 (68HaOI) 
!!6CS 13d 5 +3.70' 4 71OaOl '5",:"/,,9/, 12702 28 
;~7CS 30y 7/2 +2.831' 2 49D01 's 1/2:4,3 10126.5 70 

!~'C" 30y +2.8372 d+ 9 57S11l '5 1/,:4,3 10115.527 15 gig 
135 = I. 04005 d 8 

gig 1"'= 1.10058 d 13 

tUsing /l.~!!=2.S63189 /5 (68HaOI) 
!;"C. 32m 3 ±0.48' 10 67St22 '51/2 a=500 100 

;!'8a 3/2 +0.836 2 411114 glg('Li)=0.2553 7 

gig 
137 =0.89498 

!!5Sa +0.83708 59K82 gig 
137 =0.89392 

~:'Ba 3/2 +0.9353 41HI4 g/g('Li)=0.28568 
!!7Ba +0.9364 9 59K82 

;~ILa 59m 3/2 731n04 

;~'La 4.5h 2 731n04 
!~2m La 25m 6 731n04 
!~3La 4.0h 5/2 73ln04 
~;sLa J9.4h 5/2 731n04 

I ~~·La 9.9m I 73ln04 
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Table F: Nuclear Moments by Atomic and Molecular Beams Continued 

Nucleus 1"/2 11- Q .• Refer. Atomic State: flv(F,F') Interaction Constants 
(F,F') or or 

Molecule Used Moment Ratios 

:~9La +0.230 10 57T30 'D 512 :6,5 1120.9025 a= 182.17066 

5,1 912.7935 b=54.213 14 

4,3 716.2883 c=-0.6 10kHz 

3,2 529.090 10 

'D3{2:5,4 737.96715 a=141.195916 

4,3 551.9875 b=44.781 14 

3,2 391.603 10 c=0.1544kHz 
;~9La +0.21' 1 58Mu08 

(57T30) 
g9La +0.229< 62K022 

(57T30) 
:~9La +0.26,0.23, 7lCh02 4F 3/,:5,4 2390.631 II a=-480.224 8 

or 0.28 4,3 1925.510 1 J b=14.22 

4F 5/,:6,5 1808.938 12 a=300.631 8 

5,4 1503.210 18 b= I'~.O 3 

4,3 1199.787 15 c=0.0023 

'F ,/2:7 ,6 3247.7446 a=462.8897 

6,5 2779.047 7 b=19.32 

5,1 2312.531 20 c=-0.002 2 

4,3 1847.837 12 

of 9/,:8, 7 3928.536 27 a=489.5332 

7,6 3430.754 13 1>=31.92 

6,5 2935.669 10 c=0.0034 

5,4 2442.88522 

4,3 1952.01820 

'F 5,,:6,5 1840.665 15 a=304.381 4 

5,4 1522.87l 15 1>=27.8 1 

4,3 1211.072 15 c=-0.002 3 

'F 7{2:5,4 989.482 20 a=-197.0687 

4,3 796.567 12 1>=41.4 2 

'P 1/,:4,:~ 9840.632 15 a=2460.173 70 

'p 3/,:4,3 3707.83622 ,,=929.62 

1>=37.225 

'p 5/2: 4 ,3 3216.52420 a=801.95 

b=-40 8 

+0.30,0.31, 'D3/2 a=-424.920 

or 0.28 b=-134 

'D5/2 ,,=8816 

b=2236 

+0.22*t 3 

*Average value 

;~oLa 40h 3 60Pe09 

;~oLa 40h :to.728" /5 :to. IS'" 7 69Hul2 2D5/2 a=55.8· 15 

J.LIQ positive 69Pil5 b=40" 25 

!;OCe 25m O· 73In04 'C.;'H. 
;!'Cc 4.2h O· 731n04 'C.;'H. 
;;'Ce 5.4h 9/2 73In04 

~!JmCe 97m 112 731n04 

;!'Ce 72h O· 73ln04 'C.,'H. 
;~;Ce 17.0h 1/2 73In04 

;:'Ce 9.0h 312 73ln04 

~:imCe 34.4h 11/2 731n04 

!!9Ce 140d 3/2 731004 

::'Ce 33h 3/2 65Ma19 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus TIl' I /L Q Refer. Atomic State: tl,v(F,F') Interaction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

!:3Pr 7.5m 5/2 72Ek04 

~:4Pr 18.5m 2 72Ek04 
;~sPr 24m 3/2 72Ek04 
~;6Pr 13.Sm 2 72Ek04 

~!7Pr 1.2Bh I 5/2 72Ek04 

;!"Pr 2.0h 7 72Ek04 

!!9Pr 4.Sh 5/2 72Ek04 
I 

~:oPr 3.4m 1 72Ek04 
!:IPr +3.84 -0.054 53L22 41.12 :4,3 3708.05 5 ,,=+926.03 10 

3,2 2782.255 b=-13.910 

~: 'pr -0.02- 58Mu08 I 

!:lpr ±5.09" 25 ±0.070' 4 62CalO 

/LIQ negative 

~:'Pr +4.98 -0.074 62Wy04 

!: 'pr +4.28' 8 -0.0589 c 42 63Bl25 

~:'Pr +4.162'· 2 70Le26 41.12 ,,=926.2087 I 

b=-11.8782 

c=220 80Hz 
+4.43'· 1 J 4 111/. ,,=730.3929 1 

b=-11.877 3 

c=-0.0003 2 

+4.42'· 12 41
13/2 a=613.2399 1 

b=-12.8502 

c=-0.0001 2 

+4.48'· 5 41
1512 a=541.5746 2 

b=-14.S58 6 

c=0.00036 

~:2Pr 19h 2 ±0.243t 15 ±0.0:'5 15 62CalO 41.12 a=67.55 

/LIQ positive b=7.0 20 

tVor Ii. 14' =4.16 

!:'Pr I 19h ±0.250' ±0.0297° 85 63Bl2S 
l42mp I ? 5" 69Hul2 59 r 

!:'Pr I 14d 7/2 64Bu09 '1./2 

!~'Nd Bm O' 72Ek04 

!~5Nd 15m 9/2 72Ek04 

!~·Nd 55m O· 72Ek04 '1.:5,4 <40kHz, if 1= 1 

!!7Nd 37m 1/2 72Ek04 

!!8Nd 5.2h O· 72Ek04 

!!'Nd 29.7m 3/2 72Ek04 

!~'''Nd 5.Sh 11/2 72Ek04 

!~ONd 3.4d O· 72Ek04 

!:'Nd 2.5h 312 62Al04 51.:"/,,'/2 ",1630 

!:"Nd 7/2 62Sp03 

!~3Nd -1.2513 -0.57 6 63Sp08 51.: "/2' 13/. 1418.25 14 a=-195.6499 

\3 / •• "1. 1257.534 b=+122,2528 

"/.:1• 1084.704 

"/ .. '/. 901.476 

'/.,'1. 710.0 1 Q'43/Q '43=+1.89316 

~~3Nd -1.063" 5 -0.484< 20 65Sm04 g=-1.6430x 10- 4 69 

~:3Nd 70Ch41 ']. a=-195.652· 2 

b= 122,60B" 34 

'I, a=-153.679" 2 

b=115,741' 36 

~!3Nd(70Ch41) continued 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

N ueleus I T '" I Q Refer. I 
Atomic State: !J.v(F,F') Interaction Constants /-L 

(F,F') or or 

Molecule Used Moment Ratios 

143 ,~ I • I 
60 Nd(70Ch41) contmued . 

I 
'1

6 a=-130.611' 2 

b= 119.284" 46 
5" a=-ll7.604' 2 

b= 129.281 p 48 

'I. a=-110.4' 2 

b=141.9' 62 
~~'Nd 7/2 62Sp03 
!!SNd -0.788 -0.303 63Sp08 sT.: 15/" \3/, 886.256 a=-121.62727 

131" II {2 783.084 b=+64.60 37 

"/ 2:I, 673.493 

9/2 , '/2 558.27 3 
7/ ,,5/, 439.105 

515: "/2. 15
/2 789.8320 a=-95.531 19 

15/,.13/ , 708.38 20 b=+60.65 70 

"/2' "/2 622.80 15 

"{,:I, 533.36 20 
!~5Nd -0.654 h 4 -0.253" 10 65Sm04 g=-l.0106xIO-' 61 
!~5Nd 70Ch41 'I. a=-121.62S· 2 

b=64.637· 28 
51, a=-95.S3S· 2 

b=61.044' 42 

'1 6 a=-SI.195' 2 

b=62.926· 58 

'I, a=-73.108· 2 

b=68.165' 74 

~~7Nd lld 5/2 60Ca03 

!~'Nd lid ;;;0.553" 10 ;;;0.7' 3 70Pill J=4 a= 144' 3 

/-LIQ negative b=ISI'64 

!!9Nd 1.9h 5/2 64B,,09 'I, 
!!9Nd !.9h :~0.350·" 10 ± 1.0' 3 70Pill J=4 a=91.0' 19 

/-LIQ negative b=260' 43 

!~o"Pm 5.Sm 72Ek05 Nd(45MeVp, ) 

:t:Could not observe this activity; 

searched for 1=0 through S 

!~IPm 20.9m 5/2 72Ek05 

!~7Pm 2.6y 7/2 60Ca03 

!~7Pm 2.6y t2. 77" 8 63BI25 

!~7Pm 2.6y 7/2 ±3.2 3 ;;;0.73 63B" 14 6H 'I' a=447 9 

/-L/Q positive b=26771 

!~8Pm 5Ad +2.07' 21 +0.22 65AII0 OHm a=+ 1038 75 

65All6 b=-98 10 

~~'Pm 54h 7/2 61Ca07 

!~'Pm 28h 5{2 61Ca07 

~~'Pm 28h 5/2 ;;;1.82 :!: 1. 9 3 63Bu 14 °H", a=358 22 

/'-IQ positive b=778 93 

!!OSm 15m O· 72Ek05 

!~ISm 11.3m 1/2 72Ek05 

!~'mSm 22.9m 11/2 72Ek05 

!:'Sm 1.2h O· 72Ek05 7F <40kHz. if 1= 1 

~!.lSm B.Bm 312 72Ek05 

!~7Sm O.ITy 7/2 62Sp03 

!~'Sm O.lTy -0.796' 16 -0.20S" 4 638125 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus T'I' I I-L Q Refer. Atomic Slate: t:.v(F,F') i Interaction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

!~7Srn O.lTy -0.8129 7 -0.20 2 66Wo05 71", 11=-33.4936 1 

, b=-58.6920 8 

71", 11=-41.1845 2 

b=-62.2260 32 

71"3 11=-50.2401 I 

b=-33.6812 16 

71". a=-59.7068 20 

I b=+21.230 72 

!~7Sm O.ITy I 68Rol6 J=5: 17/1, 15/, 551.009; 42 A ,+=1209.87023 

"/2' "I, 505.364; 32 A,=25.1448 130 
13

/" "I, 452.498 i 17 A3=0 

"/,,9/, 393.414; 11 A ,IA,<O 

I 
9 / " '/ 2 329.071 i 15 

I :j:See 68Ro 16 for definitions of A's 
!:7Sm O.lTy -0. 18 c 3 69R029 7F 

1.2,3.4.5 

!~'Sm 7/2 62Sp03 

!:'Sm -0.643' 15 +0.060' J 63Bl25 

!:'Sm -0.6702 7 +0.0586 66Wo05 71", a=-27.6109 I 

b=+16.96244 
71", a=-33.95082 

b=+17.987232 

'1"3 a=-41.41764 

b=+9.748864 

'F. a=-49.2177 29 

b=-6.161 80 

Q'49/Q '47=0.289013 

!:'Sm 68Rol6 1=5: 17
/,,"/, 495.031; 27 A,t=997.364 38 

"I" "I, 431.239; 14 A,=7.25823 

"I" H/, 369.563; 20 A,=O 

A,/A,>O 

:j:See 68Rol6 for definitions of A's 

!:'Sm +0.052'* 3 Compilers :j:lJsing Q of 69Ro29 and Q-ratio 

of 66Wo05 

!~'Sm 47h 3/2 60Ca05 

!;'Sm 47h -0.021' J + 1.1 3 64Su02 71", a=-2.100 5 

b=+289.0424 

'I", a=- 2.573 6 

b=+306.521 21 

I 
'F, a=-3.1154 

b=+ 165.824 20 

'F. a=-3.753 9 

b=-104,452 68 
!;3Sm 47h -0.0215 I + 1.0 1 68WaJO 

62 ;m 24m 3/2 large 68Ea02 'I" 
!;5S m 24m ±0.9 I 68WaJO Q ,solQ '53=±0.894 

!~5Eu S.9d 5/2 72Ek05 
i 

!~'Eu 4.65d 4 72Ek05 

!!7Eu 22d 5/2 72Ek05 

!!8Eu 54d 5 72Ek05 

!!9Eu 93d 5/2 72Ek05 

!~OEu 12.5h O· 72Ek05 ·S7l. <40kHz, if 1= 1 

!~IEu 60Sa23 .5 712 :6,5 120.675 1 a=-20.05232 

5,4 100.286 1 b=-0.7012 35 

4,3 80.049 1 

!;'Eu +3.463I b J2 65Ev08 "S'I' I-L '''/ ..... 153=2.2650542 

I 11 I5I/a '''''=2.26498 8 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus i T 1/2 II J1. Q Refer. Atomic Siale: ilv(F,F') I Interaction Constants 

(F,r) or or 

I 

Molecule Used Moment Ratios 

!~2Eu i 13y l :'::1.9372 :'::3.03 63AI06 .S7/2: 13/" "/, 59.848 86 a=9.345 6 

i "/2: /2 51.246 35 b=1.930 165 

9/" '/, 42.34337 Q'52/Q '51=±2.7524 

'/,!/. 33.191 48 Q'52/Q '''''=:,::l.089 

''''"1
9h o· ";4xIO-', if l=l 59C52 a,,;60kHz 63 

~;3Eu +2.83 60Sa23 ·S"2:6 ,5 54.038 1 a=-8.8532 2 

5,4 44.004 1 b= - l. 7852 35 

4,3 35.004 J 

~~3Eu +1.5292" 9 6SEv08 "S712 

!!'Cd 22.9m 1/2 72Ek05 

!:7Gd 38.Sh 7/2 72Ek05 

~:9Gd 9,4d 7/2 72Ek05 

!!'Gd !20d 7/2 72Ek05 

!!'Cd 242d 3/2 65AIl6 

~!'Gd -0.2584" 5 + 1.59 16 69Un02 9
D3 a=4.9204 18 

0=-1.6 6 b=-406.670 6 

c=-0.00155 

9D, a=36.5753; 9 

b= 179.407 i 44 

'D. a=-6.86]2' 49 

b=-352.834 i 38 
9D5 a=-I1.SI2S' 39 

b=41.977 i 40 

9D. a=-12.2424' 12 

b=587.893' 12 

!!'Gd -0.3:~9·+ 3 +1.69*17 69Un02 "D, a=47.959]' 76 

h=191.l61' 72 
9D, a=6,4456' 22 

b=-433.234' 13 

9 0 • a=-8.9967' 49 

b= -375.884' 38 
9D, a=-15.0955' 38 

b=44.744' 39 

"D. a=-16.0573' 57 

b=626.27S i 60 

tlJsing ratios from paramagnetic 

resonance 

!!9Gd 18h 3/2 61Ca07 

!;ITb 18h 1/2 70Ad09 

!;'Tb 18h 2 70Ad09 

!~3Tb 2.3d 5/2 70Ad09 

!~'Tb . 21h O· < 10-', if 1= I 70Ad09 

~~4mT~ 8.Sh 3 70Ad09 

!~5Tb S.6d 3/2 70Ad09 

!;6Tb S,4d 3 70Ad09 

!:"Tb +1.4S*t 17 70Ch26 6 H 15/' a=673.753 2 

b= 1449.33040 

c=-O.OOI 2 

6H 13/2 a=682.911 3 

b=1l67.48950 

c=-O.OOI 2 

tFor all (4C 96. 2)-states , 
!~9Tb(70Ch26) continued 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus I T ./2 II Jl. Q Refer. Atomic State: c,.v(F,F') Interaction Constants 

(F,F') or or 

I 

Molecule Used Moment Ratios 

'5' I . . .5 Tb(70Ch26) contmued + 1.33*t 12 70Ch26 8e Il/' a=S32.2042 

I 
or + L28*t 14 b=928.861 30 

I 
c=O.OOI 2 

Interaction constants and g rvalues for 14 other 

I (4£968 ') or (4f8Sd 6s') states given I 

+1.34*t 11 tFor all (4f"Sd6s ')-siaies 

I t Weighted average 
!~OTb 73d 3 61Ca07 

!~'Tb 6.9d 3/2 MBu09 

!:90y ? i t 
! 70Ro21 tCould not observe activity. 

If 1=7/2, then 1/2· 10m or = 

T'I2( '''Oy) 
!!'Oy 18m 7/2 70Ro21 

J. Phys. Chern. Ref. Dala, Vol. S, No.4, 1976 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus: T ,,2 I 1 I-'- Q Refer. Atomic State: tl,,{F,F') Interaction Constants 

I 
(F,F') or or 

Molecule Used Moment Ratios 

!!3Dy Q4~+67' 72Da38 51.(4[1°68 2
) (1= 162. 754272 20 

h= 1152.8635 J 2 

c=-20 130Hz 

!~3Dy +0.6707"· 35 72Fe20 
I d~-I093,", 

!:'Dy +0.67"t 6 +2.48 0 <:1: 27 72Ro36 51. 

(70Ch31) :j: Based on I-'- and Q* 101 (72R036) 
!:5Dy 2.3h 7/2 61Ca07 
!:5Dy 2.3h ±0.50 ±3.2 68Ra03 51. (1=89.8 7 

I-'-IQ negative b=1521 30 
!:5Dy ::>:0.52":1: 4 ±3.27."t 37 72Ro36 5]8 

(68Ha03) tBased on I-'- 16' a~d Q*161 (72Ro36) 
!:6Dy 82h O· ,,;1O-4,ifl=1 61Ca07 51. 

I !;3 Ho 'I :I: 69EkOl t Did not observe resonances at 

frequencies for 1=1/2 to 11/2. 

1"/2 possibly less than 9m. 
~;4Ho 12m I 69EkOl 
!~SHo SOm 5/2 69EkOl 
!~6Ho SSm I 69EkOI 
!;7Ho 14m 7/2 69EkOl 
!;8Ho 11m 5 69EkOl 
!~8mHo 29m 2 69EkOl 
!;9Ho 33m 7/2 69EkOI 
!~OHo 26m 5 69EkOl 
!~omHo 5.0h 2 69EkOl 
!~lHo 2.5h 7/2 64Bu09 1="/, 
!~lHo 2.Sh 7/2 69EkOI 

!~2Ho 15m I 69EkOl 

!~2"'Ho 68m 6 69EkOl 

!~4Ho 29m I 69EkOl 

!~4mHol 38m 6 69EkOl 

!~5Ho 62Go20 41 15" I a=800.583 3 

I h=-1667.950 50 

!~5Ho +4.23 +2.99 62Wy04 

!~5Ho +4.01 c 8 +2.82" 5 63Bl25 I 
!~'Ho +4.14 +2.4 MGo09 4] 15,,:9,8 7184.829 10 a=800.5838950 

8,7 6510.836 10 b=-1667.99750 

I 
7,6 5842.368 10 

6,5 5096.265 10 
I 5,4 4309.281 10 

!~5Ho 
I 

+4. J2 2 68Ha25 

~~SHo +4.08 ci 8 68Su04 

(64Go09) 

!~5Ho Q4~ +80· 72Da38 41
151

, I a=800.S8316936 

b=-1668.078933 

c=-217 140Hz 

d=-151 16Hz 

!~5Ho +4. J25' 44 72Ha45 41
15/2 

g=6.370x 10 -4 70 

!~5Ho 72MeJ6 41 15,2 a=800.5828 14 

b= -\668.100 91 

c= -2224 7520Hz 

d=· 398 790Hz 

!~·Ho 27h O· ';10-4, if 1=1 61Ca07 41'5'2 
!~·Ho 27h O· 61Ch06 41

15/2 
a<5kHz, if 1=1 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus TIl' I 

I 

IL I Q I Refer. Atomic State: tl.,,(F,F') I Interaction Constants 
(F,F) or or 

Molecule Used i Moment Ratios 

!:'Er 20m 3/2 69EkOI 

!!8Er 2.3h O· 69EkOl 'H. I <20kHz, if 1=1 

!;"Er 36m 3/2 69EkOI ! 
!:oEr 29h O' 69EkOI 3H. <20kHz. if 1=1 

!:IEr 3.2h 3/2 i 69EkOl 

!:'Er 3.2h -0.369' 5 + 1.20* 9 72Ek03 3H. a= 183.8 14 

b= 1738 10 

!:'Er 1.2h 5/2 69St05 3H. 

!:'Er 1.2h +0.56' 3 +2.2* 2 72Ek03 'H. a=1677 

b=3275 130 

!:5Er 10h 5/2 64Bu09 J=6 

!:'Er IOh ::':0.65' 3 ::':2.2 1 65AII0 'H. a=1956 

J1./Q positive b=3502 115 

!:'Er 7f2 62Sp02 
!:7Er -0.564 oh 7 +2.82° 63BI25 

!:7Er -0.5647" 24 ,+2.82712 65Sm04 'H. a=-120.4864 5 

b=-4552.95923 

g=-0.8720xlO-437 

!:9Er 9.4d 1/2 61Ca07 'H. 
!:'Er 9.4d ::':0.51325 63Do09 'H. g=5.55x 10 -427 

a=725.4631 

!~ IEr 7.5h 5/2 6]Ca07 'H. 
!~ IEr 7.5h ::':0.70' 5 ±2.42 64Bu09 'H. a=J97.0 29 

IL/Q negative b=3M6 106 

!!9Tm 9m 5f2 7] EkOI 

!:oTm 9m 1 71EkOI 

!:ITm 37m 7/2 71EkOI 
!~ImTm 7m * 71EkOI j:Could not observe this activity; 

!:'TmI21m 

searched for 1= 'I, through "" 
] 71EkOI 

I Er(80MeV p. ) !:'"'Tm 17m + 71EkOl 

j:Could nol observe this aClivity; 

searched for 1=0 through 7 

!:'Tm l.Bh 1/2 ±0.OB2 2 67Sc33 'F '/2 I a=133.4 15 

~~:Tr 11m 

:j: 71EkOl :j:Could not observe this activity; 

searched for 1= 'f, through "f, 

•• m 2m 1 71EkOl 
!:+mTm 5m 6 7lEkOI 

~:STmI29h 1/2 6BEkOI 

!:sTm 29h 1/2 ±0.13S' 2 6BSc26 'F 7/2 a=224.4 30 

~:5"Tm 12m t 71EkOl *Could not observe this activity; 

searched for l~ If, through '/2 

!:6Tm 7.7h 2 61Wa04 

!:6Tm 7.7h ±0.05' 3 ±4.67 62Wa27 'F,/2,"/,!I, 464020 0=196 

iLl Q positive 9/ ,. ';, -33030 b=7700 300 
'f ,,',, -2BOO 100 

s ".' I, -3390 130 

!:6Tm 7.7h ::':0.0465° 15 ::':4.36' 17 63B125 

!:'Tm 7.7h ±0.047" 15 67Gi04 (a=196) 

!:6Tm 7.7h ±0.092' 2 ±1.85* 15 72Adl4 'F ,/, a=37.15 

ILl Q positive b=293540 

!:'Tm 9.6d 1/2 61 Wa04 

!:'Tm 9.6d -0.197"· 2 73An12 'F 7/2 a=31B.S 5 

!:"Tm 85d 3 71 EkOl 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

I i 
Nucleus TIl' I 

i /L Q Refer. Atomic State: tlv(F,F') Interaction Constants 

(F,F') or or 

! Molecule Used Moment Ralios 

!:9Tm ±0.24 c 62Li06 

! a=-.374.1374 16 ~:9Tm I -0.2293 62Rill 1496.5.55 IO 

I g=2.478xlO-< 32 

!~9Tm -0.23IO h 15 67Gi04 'F 7/2:4,3 1496.550667 i 12 a=374.137661 3 

4,3 1496.550642 12 g=+2.498x!0-< 15 

!~OTm 127d I ±0.26 2 ±0.615 60Cal5 2F 7/2:9/,,7/ 2 7420 a=200 3 

I /LIQ positive 7/
2

,5 / , 1960 22 b=101O 15 
!~OTm 127d ±0.245" 4 ::,:0.574 c 9 63BI25 

~~oTm 127d ±0.2470< 4 67Gi04 (a=200 3) 
!!ITm 1.9y 1/2 61Ca07 

!~ITm 1.9y ±0.227' 5 64Bu09 'F 712 a=372.1 59 
!~ITm 1.9y ::,:0.230« 4 67Gi04 (a=372.1 59) 

~~7Lu 54m 7/2 72EkOl 

~~9Lu : I.Sd 7/2 68EkOI 

~ ~oLu 2.0d O' 68EkOl 'D 31, a<O.020, if NO 

~~ILu 8.3d 7/2 68EkOl 

~ ~5Lu +2.17/9 +5.68 6 62Ri04 'D3/2:5,4 2051.230540 a= 194.33164 

4,3 345.497424 b= 1511.401530 

3,2 -496.5777 8 g=3.50x 10-4 IO 

'° 5/,:6,5 1837.579 10 a= 146.7790 8 

5,4 800.3467 43 b= 1860.6480 80 

4,3 161.824856 g=3.13xlO-4 24 

3,2 - 1 57.7283 5 I 

2,1 -238.055640 

~~5Lu 71Fi03 'D 31,:5,4 2051.220129 90 a=194.3329230 

73Fi08 4,3 345.49662 30 b=1511.3962732 

3,2 496.57800 IO c=-70 19Hz 

'0,/2:6,5 1837.57010 40 a= 146.77647 14 

5,4 800.34261 33 b= 1860.65613 84 

1,3 161.8154850 c=913 162Hz 

2,1 238.05836 10 d=-1624Hz 

~ ~6Lu 20Gy 7 ±3.1B4'* 15 ±8.0 7 62Sp03 '03/2: 17/,,15/, 24B6 lO a= 13B.80 46 

"/" "/2 7755 b=2151 10 

;;.mJ 3.7h 

IJ 1" "/, -4049 

tUsing J.I.~::=2.2Jl lO.62Re02 

+0.318' 3 -2.394 65Wh03 'D3/2 a=+97.1964430 

b=-635.19314 70 

'D 512 a=+73.1728530 

b=-78J.9746970 

~;7Lu 6.Bd 7/2 t-2.235' 10 +5.51 6 62Pe07 '0 31,:5,4 202 I. 8050 130 a=194.842 

4,3 .360.300 85 b=1466.7! 12 

3,2 -163.130 lO5 

'D 5I,:6,5 IBII. 784 95 (1= 147.17 I 

5,4 BOO.34850 b=1805.93 14 

4,3 175.89650 

3,2 -138.96855 

2,1 -221.64045 

;;7Hf +0.7902" 7 +4.5- 5 73Bu25 3F,:Il/,:I, 99 \. 79202 24 a= 113.43314 7 

9/2 ,7/, 477 .00847 21 b=624.3293 13 

7/,.' /, 162.88685 15 c=270 180Hz 

'/,.'1, 4.86356 32 d=4540Hz 

g F-1.2194xIO-< 9 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus TIl' I !L I Q Refer. Atomic State: tlv(F,F') Interaction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

~~9Hf -0. 6382 b 13 +5.1* 5 73Bu25 3F,:I3/ ,,"/, 82.13214 60 a=-71.42891 9 

11 / ,,9/, 392.84775 37 b=705.5181 24 

9", '/, 541.91044 7 c=-430 200Hz 

'/2.'/2 558.6717424 d=70 60Hz 

g FO.7660xlO-4 15 

;~lTa 7lBuIO 4r3l2 :5,4 1822.389 6 a=509.0801 8 
: 

4,3 2325.537 2 b=-1012.2518 

4F 5/2:6 ,5 1451.476 7 
, 

a=313.4681 8 

5,4 1537.5308 b=834.820 12 

4,3 1444.685 2 

4F 7/2:4,3 1218.372 2 
;~3Ta 5.0d 7/2 630013 

;:'W 74d 3/2 63001.3 
~:7W 24h 3/2 630013 

~~6Re 90h I 63Dol3 
::6Re 90h +1.730'3 65ArOI 'S5/2 a=-78.3060 10 

b=+8.3595 16 

g=+9.34xlO"· 2 

~~6Re 90h positive 65Scl3 'S5/,:'I,.'I, 265.292 14 a=78.3058 24 

'1,:1, 208.305 14 b=8.3601 50, bla<O 

;~'Re 90h ~0.4' 66Ku07 

(65ArOI) 

::"Re I7h 1 63Dol3 

:~·Re 17h + 1.780 b 5 65ArOl 'S5I2 a=80.43268 

b=7.7463 ll, bJa<O 

g=+9.6IxlO-4 3 

:~·Re 17h positive 65Scl3 ·s,,,: '1 2.'1, 273.379 13 a=80.4320 32 

5 f,.'I, 212.698 17 b=7.74S5 60, bfa<O 

~~·Re 17h ~O.4' 66Ku07 

(65ArOI) 

gllr ±0.7820 73Bul5 'r 9/,,6,5 659.26496 12 a=57.521484 

5,4 189.44002 9 b=47 1.20425 57 

4,3 84.0504080 c=-20 30Hz 

;;'Ir 74d 4 63Dol3 

~ ;'Ir ±0.70 18 73Bul5 'F 91,,6,5 660.09043 12 a=62.65556 5 

5,4 224.4784B 13 b=426.23546 64 

4,3 33.53453 89 c=20 30Hz 

:~'Ir 19h I 63Do13 

::'Pt 67Ch26 3D, a=5717 21 
3D, a=260B 3 

::·Pt 71Gr61 3r "9 f,, 'I, 3820.564 7 a=849.014 2 

~:'Pt 20h 1[2 ±O.SO· 2 68Chl8 

::oAu 40m I ±0.O63 64Li06 's 1/2,3/2, I I, 30047 

::oAu 40m I ±O.06S' 9 66Ch05 's I,,' '1,,1 /2 3105425 
::1 Au 3.0h 3/2 60Ew06 

::I Au 3.0h ±0.137' 7 64Ew02 'SII2: 2,1 57706 

::'Au 4.1h 1 ±0.0079' 1 60Ew06 's 1/': 3/" II, 372.1 I 

(59E88) 

::' Au IBh 3/2 60Ew06 

I ::3 Au IBh :!:0.139' 7 64Ew02 'SI/2: 2,1 5B82 10 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus I T,/, I 

~:4Au 39h 

~:4Au 39h 1 

~:4Au 39h 

::'Au 192d 3/2 

~~5 Au 192d 

~:6 Au 6.2d 2 

~:6Au 6.2d 
~:6mAl 9.7h 12 

~:7 Au 

~:7 Au 

~:7Au 

;:7Au 

:~8Au 2.7d 2 

~:8Au 2.7d 

~:9Au 3.2d 3/2 

~:. Au 3.2d 

~~'Hg 
;~IHg 

!~IHg 

;~IHg 

I., 
", Tl 23m 1/2 

!~'TI 
~~5TI 
!;5Tl 
~ ~6TI 
!~7TI 
~~7Tl 

!;"TI 
!~"TI 
! iBmTI 
! ~8mTl 
!;'TI 
~~'Tl 
;~oTI 

:~oTI 

33m 2 

L2h 1/2 

1.2h 

1.8h 2 

2.Bh 1/2 

2.7h 

5.3h 2 

5.3h 

LBh 7 

1.8h 

7.4h 1/2 

7.4h I 
26.lh 2 

26.1h 

I 
Ji Q 

+0.076' 3 

±0.074' 4 

±0.147' 7 

+0.5879" ]4 

±0.13 I 

+0.585 

+0.598" 

+0.592* 12 
H=+0.00987 +0.604 

to +0.014 I 

0=+0.15 

n=+0.066 (+0.585) 

+0.594* 

+0.144865 b 70 

"0.552' 4 if Ji>O 

-0.570' 4 if Ji<O 

+0.5898" 5 

±0.264· 5 

+0.2699 d 7 

H=-0.13 J +0.504 

+0.36' 

+0.39' 

±0.135 3 

+ 1.66 13 

±O.0699 2 

+1.6613 
±<2xlO~3 

:'::0.0012063 9 

±O.640 74 

+ 1.65 10 

:;:0.035675 28 
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Refer, 

57H69 

60Ew06 

65Ch08 

60Ew06 

65Ch08 

60Ew06 

70Sc07 

62Chl3 

53W33 

66Ch03 

678116 

(66ChO,3) 

67Da04 

56C08 

67Va16 

56C08 

67Va16 

60Mcli 

60Mcll 

62Ko22 

(60Mcll) 

65Mul5 

(60Mcll) 

73Ek03 

73Ek03 

62Ax02 

73Ek03 

73Ek03 

578132 

73Ek03 

58L45 

73Ek03 

578132 

74EkZX 

57B132 

73Ek03 

58M21 

73Ek03 

Atomic State: tlv(F,F') Interaction Constants 
(F,F') or or 

Molecule Used Moment Ratios 

'SI/,:3 /" 'I, 3600 120 

'5 11,:'/" 'I, 3489.865 32 

's 1/,:2,1 I 622038 

I 
's 1/': 5", 3/, 21347.2522 15 

'5 1/, 

's 1/,:2, 1 6107.1 10 

'D 5/2:4,3 518.880 17 a=80.2363 

3,2 713.101 8 b=1049.781 1/, bja<O 

2,1 1000.304 10 c=0.0004 4, cla>O 

'D 3/, 

*Average value 

'D'I,:3,2 311.54732 a=199.84252 

2,1 1310.755,5 12 b=-91 1.07665 

1,0 1110.93155 c=0.000212 14 

'F9/2:6,,5 2233.7160 14 a =4:"12. 276 1 

5,4 2273.88746 b=-540.026 1 

4,3 2089.14304 c=0.00326 10 

'D5/2 

:l:Average value 

's 11,:2, I 6099.320184 13 

'S,I2:'/','/2 21800 150 if Ji>O 

22500 150 if Ji<O 

'SI/,:5/,,'I, 21450.71674 g= I. 5908x 10 , 6 

'S '1,:2, I 11110 130 if Ji>O 

11180130 if Ji<O 

'SI/2:2, I 10962.7227 3 g=O. 9706x 10 ~4 12 

'P,:'/,,'I, 22666.5595 a=9066.449 3 

'P,:'/,:/, 11382.6288 8 a=-3352.02928 
51,,3/2 8629.,52185 b=399.1S0 2 

3/" '/, 5377.491820 c=-0.00184 9 

J p , 

'P II, a=443 9 

g=+ L 79x10-3 14 

'P,,, a=228.8 6 

g=+ 1. 79x 10-' 14 

'p II' a=3.94996 

'P,,, a=59969 

g=+1.78xlO~3 II 

'p 1/' a=Jl6.8148 



NUCLEAR SPINS AND MOMENTS 933 

Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

Nucleus i 1'1/2 I 11- Q Refer. Atomic State: tJ.v(F,F') Interaction Constants 

(F,F') or or 

Molecule Used Moment Ratios 

!~'Tl 73.Sh 1/2 58L45 

!~'TI 73.5h 1/2 58M21 

!~'TI 73.5h +1.71 11 73Ek03 g=+1.84xlO-' 12 

;~2TI 12.2d 2 58M35 

!~2Tl 12.2d :t:0.565 73Ek03 'p 112 a=185.17 

!~'Tl 56L53 'P'I,:I,O 21105.4475 

;~3TI 11.6109'· 14 68FoI0 'PJ/2:2,1 524.05994 10 g= 17.375x 10-4 14 

~~'TI 68Pa07 'P'12:)'O 21105.4497638 5 

!~'TI 68Pe 18 6'P 3/,:2, I 524.059953 3 

;~'TI 3.9y 2 :t:0.062' 6 56BI24 a=200 20 

!~4TI 3.9y 2 

I 

±0.0894' 20 57BI32 'PJl2:'/,,'/, 7325 

!~'TI 3.9y :t:0.0893' 1 58W44 'p '1,:5/,.3/, 730.837 5 

~~5TI 56L53 'P'I2: I ,O 21310.8355 

!~'Tl ± 1.6265 9 64B037 TIF 

!~'Tl 67La23 'P'I,:l,O 21310.8339466 2 

;~5TI + 1.6271 bp 15 68FoIO 'P 3/,:2, I 530.07655 10 g=17.549xlO- 4 14 

;~'TI 68Pel8 1 6 ,p3/,:2,1 530.0765463 

!~·TI 4.2m O· <10-', if 1=1 69Cu09 1='/, a<163kHz 

!~7Pb 70Lu09 I D,:'/,,3/, 1524.545 20 a=609.820 8 

!~9Bi 25m 9/2 59A198 

;~oBi 35m 7 59AI98 

!~'Bi 1.8h 9/2 59AI98 

62m 1>21/2 or 11-<0. H 59A198 :j:1f this activity were produced wIth 

about the same probability as the 

ground stale, a resonance should 

have been observed unless I were 

very large or 11- very small 

~~2B; 1.6h 5 59A198 

;~3Bi 12h 9/2 +4.59' 5 -0.64 5 59L50 1=3/,:6,5 338630 a=-502.430 

5,4 2396 15 b=-55825 

!~4Bi 12h 6 +4.25' 5 -0.415 59L50 1='/,: lSI"~ 13/, 2841 25 a=-349.0 20 

\3 /" II f, 2216 15 b=-358 20 

~~5Bi 15d 9/2 =+5.5'+ 59L50 1=3/,:6,5 =4000 a=-600 

tValue very uncertain due to large 

configuration interaction correc-

tions which are not included 

!~'Bi 6.3d 6 57M24 

;~'Bi 6.3d 6 +4.56' 5 -0.195 59L50 1=3/,: "/" 13/, 2914 25 a=-374.730 

"/" II /, 2411 20 b=--16630 

!~'Bi >2Ay -0.34 60TiOI 1=3/ 2 :6 ,5 2884.7 2 a=-446.974 

5,4 2171.51 b=-304.25 83 

~~'Bi >2Ay -0.29< 62Ko22 

!~'Bi >2Ay -0.35 68Lu08 'p 312: 6 ,5 3598.6476 

5,4 2251.038 10 

4,3 1311.930 10 

;~'Bi >2Ay 0=+0.43 70Hu05 '53/2:6,5 2884.666 2 a=-446.937 I 

5,4 2171.4192 b=-305.067 2 

4,3 1584.502 2 c=0.0IB3 1 

!~'Bi >2Ay +4.25 14 -0.38340 70La07 'p 3/' a=491.028 I 

0=+0.55+ 3 b=978.639 9 

c=0.0193 5 

:j:Used 1.<=4.08 

:~'Bi >2Ay -0.46' 72Ro37 'S3/,,'D 3I2 ,'P3I' 

0=0.62< 8 ·S 3/2' 'p 3/2 
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Table F: Nuclear Moments by Atomic and Molecular Beams Continued 

Nucleus T"2 IL Q Refer. Atomic State: ::'v(F,F') Interaction Constants 
(F,F') or or 

Molecule Used Moment Ratios 

;!OBi Sd 54596 
;~oBi 5d :!:0.0442' 1 :!:0.13 1 62AI02 1=3/,:'/,,3/, 194.93 9 a=2l. 78 3 

IL/Q negative 'I" II, 220.198 1>= 112.38 3 
;~oBi 5d negativet positive:j: MPo04 tFrom fitting experimental values 

of /L and Q and {3-decay data to 

deduce reasonable 'V's 

~~Jpo 18m 3/2 61Ax02 
!~2pO 5lm O· 61Ax02 a<0.02, if 1= I 

~~3pO 42m 5/2 61Ax02 

~~4pO 3.5h O' 61Ax02 a<O.02, if 1=1 

;~'Po l.8h .1/2 6lAx02 
;~5pO l.8h =±O.26't +0.17 681019 a=134.142 

b=232.32 

:I: Value very uncertain due to large 

configuration interaction correc-

tions which are not included 
~~6pO 8.8d O' 61Ax02 a <0.02, if 1= I 

;~'Po 6.0h 5/2 61Ax02 
;~7pO 6.0h =+0.27'+ +0.28 61010/ 1=2:1,,'/, 884.785 13 a= 139.551 2 

0=+0.11 1 7/,.'1, 421.9508 1>=380.548 16 

5/,,'1, 158.567 12 c=-O.0120 10 

tValue very uncertain due to large 

configuration interaction correc-

tions which are not included 

!!Opo 138d O· 61AI20 

~; 'AI 7.2h 9/2 58G16 

~;3Pa 27d 3/2 58H1l5 

!~3Pa 27d 3/2 +3.4 8 -3.0 61Ma42 g=12.5xlO-< 30 

a=+595 30 

1>=-2400300 

;~·Np 2.1d 2 58A92 

!i 9
Np 2.3d 5/2 58B III 

;!'Pu 24ky 1/2 ±0.02 58H70 'F ,:3/ •• '/, 7.683 60 a=S.14 

!!9pU 24ky + 0.200' 4 65Fa02 

~:'Am 460y 5/2 60Ma30 ·5,1, a=I7.1448 

1>= 123.82 10 

b/a<O 

~:'Am 460y +1.59"3 66Ar04 ·5,/. a=17.143728 

b= 123.84832, l>/a<O 

g=3.42xI0-4 6 

~:'Am 16h ±0.33 ±2.76 61Ma27 a=IO.124 10 

/LIQ negative 1>=69.63940 

;:'Am 16h +0.3826' 15 66Ar04 .5 7/2 a= 10.1282 14 

1>=69.6339 13 

g=2.0.19xlO- 4 8 

!!'Cm 160d O· <2xlO- 4
, if 1=1 59H 115 

:!3Es 20 ±6.! 72Go42 a=816.57 60 

1>=-4335 16 
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Table F: Nuclear Moments by Atomic and Molecular Beams - Continued 

• Polarization or Stemheimer correction included 

• No hyperfine structure observed 

• Calculated from the /ll'- or a-ratio for two isotopes 

b Non-resonance or zero-moment experiment 

• Recalculation of earlier data 

d Determined from D.m= ± I doublet separation 

E Electric resonance experiment 

I Inferred from intensity or polarization distribution across the beam 

• Calculated from the b-ratio for two isotopes 

• Direct measurement by triple resonance 

; No diamagnetic correction added. Unsure if authors already corrected for it. 

i Not corrected for mixing of other states or higher order perturbation effects 

• Direct measurement 

I MASER experiment 

., Metastable or excited stale 

P Preliminary value from meeting abstract, thesis, private communication, etc. 

J. Phys. Chern. Ref. Data, Vol. 5, No. 4, 1976 



936 GLADYS H. FULLER 

Table G: Nuclear Moments 

by Optical Spectroscopy 

Introduction 

A nuclear angular momentum, designated by t, and 
an associated magnetic moment, j.L h were firs! pos
tulated by Pauli [24PaOI] and by Goudsmit and Back 
[27GoOI] to explain an observed hyperfine structure 
(hfs) in spectral lines of the order of magnitude of 

lcm- I or roughly 1/2000 of the fine structure which is 

due to different orientations of the electron's spin 
with respect to its orbital angular momentum_ 

This hyperfine structure is attributed to the 

splitting of the energy levels of the atom as a result 
of the interaction between the nuclear magnetic 

moment and the magnetic field due to the electrons. 

Deviations from the expected magnitude of this 

splitting can be ascribed to the interaction of the 

nuclear electric quadrupole moment with the elec

tric field. 

The individual electronic states are split by the 

magnetic interaction into 21 + 1 or 21 + 1 sub states 

depending upon whether 1 is less than or greater 

than 1, the electronic spin. An observed spectral 

7/2 A' { 
7/2 

5/2 J"2 

~:T 
--

Tr Tr 
3/2 
1/2 

I I I I I I I I 
I I I I I I I I 

ill_ 
- - -- 512 

",.1 Jo I 

3/2A { 

- - 3/2 

1/2 

INCREASING WAVE NUMBER-

a 

line, arising from a transition between two such 

electronic states, will have a m uhiplicity greater 

than 21 + 1 or 21 + 1 unless 1 is zero for one of the 

states. Two typical transitions are illustrated In 

figure 1. If 1 is known for each of the states involved 

in the transition, 1 can be determined by the multi

plicity and the relative spacings of the components. 

The statistical weights of the hyperfine substates 

are also functions of 1 so that the relative intensities 
of the hfs components may also indicate the nu

clear spin. 

A few nuclei have also been studied by molecular 

band spectroscopy. This technique has been used to 

make unequivocal assignments of zero spin by the 
observation of the absence of alternating intensi

ties in the band spectra of diatomic homonuclear 

molecules. The method of atomic spectroscopy 

cannot establish a zero spin since only an upper 
limit can be placed on the hfs splitting by a study of 

the spectral lines. 
Values of the nuclear magnetic dipole and electric 

quadrupole moments are calculated from the 
hyperfine interaction constants which are in turn 

com puted from the wavelengths of the observed 
lines. Since the values of j.L determined in this way 

",.( 
3/2A { 

I 

5/2 

---.,-----1- 3/2 

J ~ I 

------ 1/2 

J~O 

L-_---'<--___ -"-_ 3/2 

I I 

INCREASING WAVE NUMBER-

b 

FIClTRE 1. Schematic lev!':"1 dia~rui11 :,hilwin~ In-lIlSilioll:-> hetween an upper and low('r staff' in 

an atom when-' the nucleus has /=3/2 and Q=O lal for ./u"p,.,·=2 and ./,,,,,,,,.= I, 

(b) for .I "1''''''. = I, and ./'"",., = o. '1'1)(' lower part of eBch riiu/!ram /!raphically depicts 

the relali,,!' wave numhers and inlpnsilies of Ihe correspondin/! multipl"ls. The 

mUf!netic dipole interaction ('onqanls for tlw .I = I and ./ = 2 sfalt's are denoted by 
A and A'. respectively. 
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NUCLEAR SPINS AND MOMENTS 937 

are accurate only to a few percent, this table does 

not list all values measured by the optical method 
but only those not measured by more accurate tech
niques and those for which the sign of the moment 

was determined. 

The calculation of the quadrupole moment Q from 
the interaction constant depends upon the de

termination of the electric field gradient at the 
nucleus. In some of the earlier calculations the 
wavefunctions used were very crude. No attempt 
has been made by the compilers to reevaluate the 

Q's with newer wavefunctions. In addition, the 
nuclear quadrupole moment causes a polarization 
of the atomic core electrons (Sternheimer effect). 
The correction for this effect can be of the order of 
tens of percent. 

There have been a few errors or ambiguities In 

assignment of spin by optical spectroscopy. These 

can be caused by such factors as 
(1) Errors in assignment of J to the states involved. 

(2) Isotopic impurities which may produce lines 

masking those under study. 
(3) Distortion of intensity ratios resulting from self

absorption, diffuse radiation background, or in the 

case of photographic recording, a nonlinearity of 

density response of the photographic material. 

The precision with 
can be determined 

limited by 

which hyperfine interactions 
by optical spectroscopy IS 

(1) Lifetimes of the excited energy levels, which 

are of the order of 10-8 seconds and produce a line 
broadening of about 3Xl0-3cm-1

• 

(2) Doppler effect due to atomic motion. This can 

be reduced by cooling the source or using an 

atomic beam in which the motion of the atoms is 

perpendicular to the optical path. 

(3) The finite resolving power of the optical equip

ment. This involves both the inherent limitations 

of the system and the imperfections of preparation 

of optical surfaces. 

A general review of the optical method can be 
found in F.M. Kelly, Determination of Nuclear Spins 
and Magnetic Moments by Atomic Spectroscopy 
[58Ke25]. Details of the techniques and apparatus 
are discussed In S. Tolansky, High Resolution 
Spectroscopy [47To19]. 

A few measurements of nuclear moments from the 

analysis of meson-atomic X-rays have also been 

included in this table. These values have been 
marked by a 'I'. 

The last systematic literature search for infor
mation included in the table was in early 1971. 

Explanation of Table G 

Nucleus Chemical symbol with Z- and A-number 

I 

States, other than ground states, are designated by "m" following the A -number. 

Half-life of radioactive nucleus 

Nuclear spin, in units of h/27T 

Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction, or 
magnetic moment ratio. See Policies, Diamagnetic corrections, for factors used 

A 5% uncertainty in the diamagnetic correction is assumed. 

Q or QIIQ2 Nuclear electric quadrupole moment, in barns, as given by the experimenter, or quadrupole .moment ratio. 

Refer. 

Values marked by an asterisk, *, indicate that the experimenter has made some polarization or 

Sternheimer corrections in computing the moment. 

Reference key 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 



938 GLADYS H. FULLER 

Table G: Nuclear Moments by Optical Spectroscopy 

Nucleus T,/. I 

:H 1/2 b 

:H 1/2 b 

:H 1/2" 

~H I b 

;H Ib 

~H 12y 1/2" 

~He 1/2b 

~He 
~He Ob 

~Li 3/2 b 

;Li 312 

!'C Ob 

!'C 1/2 bE 

!'C 5.6ky ObE 

~'N Ib 

~5N 112"E 

:'N 1/2 b 

~60 Ob 

~'F 1/2 b 

!'F 1/2 

~~Ne 0" 

~~Ne ;.3/2 E 

;~Ne 

:~Ne 0 0 

;~Na 3{2 

;~Na 312b 

:~Na 312 

;~Na 
;~Na 

:~Mg O' 

:~Mg 5/2 

;~Mg 0-

;~AI 5{2 

~~P 1{2 b 

~!p 112 

~~S Ob 

~!S Ob 

~:Ar O' 

~:Ar OOE 

~!Ar 34d 3/2 

::Ar O·E 

~:Ar 265y 7/2 

~~Ar O' 

~~Ar O_E 

~:K 3/2 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 

IL or JL'{JL' QorQl/Q' 

negative 

negative E 

:':0.0926" /6 

± 1. 99' 

+2.14 

:':2.21S 13 

-0.96 7 

+3.7 

+ 1.155 

+0.9520 

-1.33 

positive 

Refer. 

29MOI 

30COI 

30H02 

33L02 

34M03 

49D31 

49D24 

50FS1 

29MOI 

30HOI 

I 32G03 

29MOI 

48J21 

48J21 

28001 

39Kll 

40WlO 

29MOI 

29GOI 

33C04 

27HOl 

49K21 

7lDuO 5 

27HOI 

33G03 

33104 

34E02 

34S05 

67DrO 9 

31M02 

49Clfl 

31M02 

3SH06 

33AOI 

49C31 

31NOI 

36001 

37K03 

53M7 

65Rol 

3 

3 

3 

2 

53M7. 

67TrI 

37K03 

53M7 3 

37102 
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Table G: Nuclear Moments by Optical Spectroscopy - Continued 

Nucleus Til' I JL or JL' / JL ' Q or Q'/Q' Refer. 

~~Ca O· 31FOI 

~~Ca 7/2 -1.2 54KI4 

~~5c 7/2 34KOJ 

~iSc 7/2 34501 

~~5c +4.8 37K02 

;!v 7/2 36K04 

~~v +0.28 15 56M36 

~iV +0.26< 62K02 2 

~;Mn 5/2 30WOI 
;~Mn +3.0 39F03 
~;Mn +0.4* 2 55M56 
~;Mn +0.3 I 58R54 
;;Mn +0.35 5 62Wa3 o 

:;Co 7/2 35K05 
~~Co 7/2 +2.7 35M07 
:~Co +0.52 53M65 
;~Co ±0.493 69Mul 

±0.42* 3 

~!Ni ±';;0.25 E 
50K55 

~:Cu 3/2 32R02 

~!Cu 3/2 +2.5 -0.1 I 36507 

~~Cu -0.13 6 53K39 
~!Cu -0.28 7 56K64 

~!Cu -0.20E 4 61FiOl 

~!Cu -0.18Ic 62Ko2 2 

(6IFiOI) 

~!Cu -0.212> 4 695t24 

~!Cu -0.212> 4 70Fil7 

~!Cu 3/2 32R02 

~:Cu +2.6 -0.1 1 36507 

~:Cu -0.15 10 49B61 

~!Cu -0.226 56K64 

~:Cu -0.19£4 I 61FiOl 

~;Cu -0.196> 4 I 695t24 

(67Fi02) 

~~Cu -0.161 E3 70Fil7 
-0.196-4 (67Fi02) 

~~Zn Ot 29S01 

~~Zn O· 31M02 

:~Zn O· 29S01 

~:Zn O· 31M02 

~~Zn 5/2 +0.9 37L07 

~~Zn 5/2 E 48A06 

~:Zn o· 29501 

~:Zn o· 31M02 

~~Ga 3/2 32J04 

~~Ga 3/2 33C02 

~~Ga +2.0 +1 36510 

~~Ga "/69= 1.2700 8 56J29 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table G: Nuclear Moments by Optical Spectroscopy - Continued 

Nucleus 1"/2 p. or p. '/ P. 2 QorQ'/Q' Refer. 

~:Ga 

I 
3/2 

1 
32104 

~!Ga 312 33C02 

~ :Ca +2.5 :<::,,;0.5 36510 

;~As 3/2 321'01 
;~As + 1.53 +0.32 36505 
;~As +0.27* 4 58Mu08 

~~As 10.29" 62Ko22 

::Se O· 33R02 
;!Se 1/2 bE 54DOS 

~:Se O· 33R02 

~:Se O·E S4DOS 

~~Se Ob 34001 

~~Se O·E 54005 
~!Se O· 33R02 

;~Br 3/2 30BOI 
;:Br 3/2 321'02 

~~Br 312 30BOI 

~;Br 3/2 321'02 

~~Kr O· 3.3K02 

~!Kr 9/2 32M06 

~!Kr negative 33K02 

~!Kr 9/2 +0.15 38K02 

~!Kr 9/2 E +0.22 E 2 55R46 

~:Kr -0.982E +0.17 E 5 59B08 

~:Kr O· 33K02 

~:Kr lly 9/2 ± 1.005 2 +0.43 3 55RI3 

8'/83=1.0352 851 .... =+1.6610 

~:Kr Of 33K02 

~~Rb 512 ± 1.4 33KOI 

~;Rb 47Gy 312 ±2.8 3:~KOI 

~;Rb 47Gy +0.146 56K12 

~:Sr O· 3JFOI 

~~Sr 9/2 -1.1 38HOS 

~:Sr O· 31F'01 

::Sr O· .,)8H05 

~:y 1/2 ";0.1 40W08 

~:y 1/2 -0.14 49Cl7 

~:y 1/2 negative 50K69 

:~Zr Sl2
E 49A06 

:~Zr -1.92 55M88 

:~Nb 9/2 =3.7 34BOI 

:~Nb 9/2 +5.3 =0 47M27 

:~Nb -0.25 15 58Mu04 

:~Nb -0.20" 62Ko22 

:;Mo O' 51A29 

:~Mo Of SIA29 

:;Mo 5/2 51A29 

!;Mo 5/2 negative 54W07 

:~Mo O· SlA29 
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Table G: Nuclear Moments by Optical Spectroscopy - Continued 

Nucleus T'I' I I-'- or 1-'-'/1-'-' Q or Q'/Q' Refer. 

:;Mo 5/2 51A29 

:~Mo 5/2 negative 54W07 

:~Mo O· 51A29 

!~OMo O· 51A29 

:;Tc 210ky 9/2 +5.53 +0.34 17 53K49 

!:Ru 5/2 -0.6.3 15 55M78 

1-'- ... (Hu)=-0.66 2 

(1-'-10'/1-'-99=:>:1.093 52G19) 

!~lRu 5/2 -0.69 15 55M78 

!~3Rh 1/2 -0.10 3 SlK41 

!~5Pd 5/2 -0.575 52556 

!~5Pd 512 -0.57 53B28 

!~7 Ag 1/2 -0.10 37JOI 

!~7 Ag 112 0.086 50C26 

!~7Ag -0.IlIE8 5lB32 

!~'Ag 1/2 -0.19 37101 
!~9 Ag 1/2 -0.159 50C26 

!~9 Ag -0.129 E 8 51B32 

!!OCd O· 29501 

!! 'Cd 1/2 31S01 

!~ 'Cd 1/2 -0.62 33102 

!!'Cd O· 29S01 

!!'Cd >3Jy 1/2 31S01 

!!'Cd >3]y liZ -0.62 33J02 

!!'Cd O· 29501 

!!6Cd 0+ 29501 

!~ 31 n 9/2' 113/ 11,=1.0' 37B08 

!~ 'In 600Ty 9/2 33J03 

!; 'In 600Ty 9/2 34POI 

!~5In 600Ty +0.82 37808 

!! 'In 600Ty +5.3 +0.8 37511 

;~'5n 1/2 -0.86 49G02 

;~6Sn O· 3!M02 

~~ 75n 1/2 33503 

;~ '5n 1/2 -0.89 34TOI 

!~·Sn O· 31M02 

!~9Sn 1/2 33S03 

;~·Sn 1/2 -0.89 34TOI 

!~OSn 0+ 31M02 

;;'Sb 5/2 32BO] 

;;'Sb 5/2 +4.0 34C03 

;;'Sb -1.3- 53517 

;;'Sb -0.53-' 10 Ci5M88 

;:'Sb -0.50' 62Ko22 

(5SMB8) 
12'Sb 
51 -0.54 8 61Lel3 
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Table G: Nuclear Moments by Optical Spectroscopy - Continued 

Nucleus 1'1/2 I /L or /L '/ /L ' 

~;3Sb 7/2 
~;3Sb 7{2 .3.2 

!~3Sb 

!;'Sb 
!;3Sb 

~;3Sb 

~;'Te >50Ty 1{2 '25/ ,23 = 1.208 60 

g'Te >50Ty 1/2£ 

g'Te >50Ty -0.6[ 2 

g'Te 1{2 

!;'Te 1/2 E 

~;5Te _O.?E 2 

~~·Te O· 
!;8Te O· 
gOTe O· 

;;'1 5/2 

~;71 +2.8 

!~7I 

~i'I 

!!'Xe 1{2 

!!'Xe 1/2 negative 

!!'Xe 1/2E 

!!'Xe 3/2 positive 

!!'Xe 3{2 E 

!!'Xe +0.687 E 3 
,29/ ,31 =-1.1315 

!!2Xe O· 

!!'Xe O· 

~!6Xe O· 

!!'Cs 7/2 

!~'Cs :+:2.40· 

!~3CS 7{2 

!:'Cs :!:2.52 

!!'Cs 

!!'Ba O·E 

!!'Sa 3/2 

!!'Ba 3/2 

!!'Ba 3/2 E 

!!5Ba 137{ \35 = J. II E 

;!'Ba 
!!'Sa 137{ \35 = + I. 10 E 3 

!!'Ba 

!!'Ba 

;!'Ba :.+:0.843 7 

;!5Ba 
!!6Ba O· 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 

QorQ'{Q' 

-1.2' 2 

-1.7* 
-0.68*< 10 

-0.69 10 

-0.5 

-0.67' 

-0.62* 4 

-0.49·8 

I 
I 

=-0.15£ 

'31/ 83 Kr= -1 

-0.12£2 

:!:",;0.3 

+0.2SE 12 

+0.23' 
137{J35~+1.6E I 

+0.135 
:.+:0.41; 4 

:!:0.17 2 

Refer. 

32BOI 

34C03 

49M48 

(40T03) 

53S17 

55M88 

61Lel 3 

49M47 

501"08 

52R05 

49M47 

50F08 

52R05 

33R02 

33R02 

33R02 

38M06 

39S15 

5SM .. I o 

64Mul 

34jOl 

34K02 

50K09 

34K02 

50K09 

52B57 

34101 

34101 

34JOI 

31KOI 

34H03 

34J02 

35S06 

40S09 

50A51 

32M06 

37809 

50A51 

60Ka2 

62Ko2 

4 

2 

63Jal5 

64Ja 11 

66C02 

66C03 

68Be6 

50ASI 

6 

2 

o 
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Table G: Nuclear Moments by Optical Spectroscopy - Continued 

Nucleus TI/2 I I" or I" 'II" 2 Q or Q'/Q' Refer. 

!!7Ba 3/2 32M06 

!~7Ba 3/2 37B09 

~!78a 3/2[ 50A5! 

!!7Ba +0.2 E 1 60Ka24 

~:78a +0.215 64Jall 
~!78a :to.l! 5 66C026 
!!78a ±0.930 7 66C032 
!!78a 1371135 = 1.120 10 ('51/2) 67Ke16 

137/135 = 1.144 54 (2p '/2) 
~:78a :to.26 3 68Bc60 

(Using "'/'35=1.54) 
!!8Ba O· SOA51 

!~7La 60ky 7/2 ~2.690 6 +0.26 8 72Fi19 
g8La 1I2Gy +3.702[4 +0.51 E 9 72Fil4 

138',3.=0.9328 8 13""3.=2.34 

~~'La 7/2 34A02 

~;'La +2.76 4OW08 
g9La +0.3 1 55L59 
~~9La +0.21o[ 4 58Mu08 

~:'Pr 5/2 29WOI 
!: Ipr +3.9' 3 53826 

(29W01) 

!:'Pr +4.0' 2 60Mull 

~:'Pr +4.096 65Re03 

!~3Nd 7/2[ -l.IEl 54M91 
~:5Nd 7/2E -0.69 E 10 54M91 

!~'Pm 2.6y 7/2 60KI2 

!~7Pm I 2.6y 7/2 +2.S8 7 +0.7420 66Re04 

!~'5m O.ITy 7/2E -0.76' 8 :!:~l 54MJ5 

!~'5m 7/2" -0.64[ 6 ±~l 54M15 

!;'Eu 5/2 35501 

!;'Eu +3.4 =+ 1.2 38510 

!;'Eu '''1,53=2.2455 57KSI 

!;'Eu +3.393 60Kr07 

~i'Eu +0.95" 10 60Kr08 

!~'Eu ±1.16'· 8 6SMu07 

!;'Eu +I.IS' 9 6SWi09 

( '5'/'53=0.393 605a23) 

!;'Eu :t 1.12[h 7 68Gu02 

!;2Eu 13y :t2.4' 3 64Ga12 

!i 2Eu 13y negative positive 70He09 

!~3Eu S/2 35501 

!~3Eu +l.5 =+2.5 38510 

!~3Eu + LSI 2 60Kr07 

!;'Eu +2.42" 20 60Kr08 

!~3Eu ±2.92" 20 65Mu07 

!;'Eu +2.94' 23 65Wi09 

~i3Eu :t2.8S Eb 18 68Gu02 
g4Eu positive 70He09 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table G: Nuclear Moments by Optical Spectroscopy'- Continued 

Nucleus 1"/2 I-' or I-' '/ IJ. 2 Q or Q'JQ' Refer. 

!!'Cd 3/2 E -0.30" 4 +1.1[3 56S21 

!!'Cd -(l.32 E 4 + 1.6' 59KI0 

!!'Gd 3/2 E -0.37[ 4 + 1.0' 3 56521 
!!7Gd -0.40"4 t2[ 59KlO 

!;9Tb 3/2 34S02 
!;9Tb positive +1.2612 65Ar05 
!~9Tb +1.3213 66Arl8 
!~9Tb :'::1.18/2 700eOS 

!~SHo 7/2 35S02 
!~SHo 7/2 57B39 
!~5Ho +3.77 58885 
!~5Ho +3.97' 5 68Su04 

!:9Tm 1/2 34503 
!~9Tm 1/2 -0.205 20 55L49 
!~9Tm -0.25< 60Ca15 

;~'Yb 1/2 38510 

~~'Yb +0.45 38S1] 

:~'Yb +0.496 55K33 

"'/173=-0.7241 

;6'Yb 5/2 +3.94 38510 
;~3Yb -0.65 38511 
;~3Yb 5/2 54K52 

;6'Yb -0.67 J 55K33 

;6 3Yb +2.4 56K42 
:~3Yb +2.8* E 2 62Ro26 

~ iSLu 7/2 +1.7 +6.1 35504 

~ ~5Lu +2.65 +5.9 36G03 

;~5Lu +5. 7*c 3 55K23 

~~5Lu +3.6* < 2 S7M96 

;;5Lu +2.02 +5.66 585134 
; ;5Lu 175/ 176=0.711 5 175/ 176=0.71 61BI07 

;;'Lu +5.0' 62Ko22 

(55K23) 

~ ~ 5Lu 0:2.24 II 67Hcl7 

~ ~6Lu 20Gy ",,7 +3.87 +7 I 39514 

:;6Lu 20Gy 6 1 +2.83 +8 I 585134 

;i 6 Lu 20Gy ~E 59K97 I 

ii 6
Lu 20Gy 7E 12.8" 3 618107 

:;7Hf 7/2' 177/"9=-1.2768 177/ 179=0.99 2 56S22 

;;'Hf +0.61 E 3 +3 E J 56S53 

;;8Hf O· 35RO] 

;;9Hf 9/2F. 56522 

ii9
Hf -0.47E 3 +3 E 1 56553 

;~oHf O· 35ROI 

~~'Ta 7/2 33G02 

;~'Ta 7/2 :"l.3MOl 

;~'Ta +2.1 35GOl 

;~'Ta =+6 43S15 

J. Phys. Chem. Ref. Oa'a, Vol. 5, No.4, 1976 
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Table G: Nudear Moments by Optical Spectroscopy - Continued 

Nucleus 1"/2 I !J. or !J. '/!J. 2 

::'Ta + 1.9 

;~'Ta 
:~'Ta 
~~!Ta +2.4 < 2 

::'Ta 

~:2W O· 

::'W 1/2 

~:3W 112' 

;!'W +0.082 

::3W +0.115 

~:4W O· 

~:6W O' 

;~5Re 5/2 
~:~Re 5/2 

:~5Re 18'/185=1.01084 

~~5Re +3.3 

~:~Re 
;:5Re 
::5Re 
::6Re 90h :t 1.38 45 

i~'Re 60Gy 5/2 

;~'Re 60Gy 5/2 

::'Re 60Gy 

::'Re 60Gy +3.3 

::'Re 60Gy 

::'Re 60Gy 

;~7Re 60Gy 

::8Re I7h ±1.4145 

::'0. 1/2 positive 

::'08 112 +0.0658 I I 

::'08 +0.06626 

::"0. 312 +0.709 

::90S 3/2 

::"0. 
::"08 
::"Os +0.792 

::"0. 
:~llr 

I 

3/2 positive 

:~ '[ r 3/2 +0.163 

:~llr 3/2 +0.2 I 

;~3Ir 3/2 

:~3Ir 3/2 positive 

:~3Ir 3/2 +0.173 
;~31r 3/2 +0.2 1 

::'Pt O· 

::'Pt 1/2 ::sPt +0.6 

::5Pt 1/2 

::·Pt O' 

Q or Q'/Q' 

+5.9 

+4.3* 4 

+2.7*< 3 

+3.9' 

+2.6 

=+2.9 
:t2.3 E 9 

18'/'85=0.954 

±2.3650 

+2.6 

=+2.9 

±2.2E 9 

±2.2450 

+2.08 

+0.8 e 

+0.8* 2 

±0.91'1O 

+ 1.26 

+ 1.5 I 

+1.05 

+ 1.5 I 

I 

I 

Refer. 

52B71 

55K23 

57M96 

58MuO 8 

2 62Ko2' 

(55K23) 

34G04 

48K30 

50F08 

51V06 

65GI08 

34G04 

34G04 

31MOI 

31Z01 

37512 

38509 

65HoO 6 

66KuO 7 

69Kr07 

64WiO 9, 

65Scl3 

31MOI 

31Z01 

37512 

38S09 

65HoO 

66KuO 

6 

7 

69Kr07 

64WiO 9, 

65Scl3 

55M45 

61GuO 8 

4 62MuO 

52M40 

58B15 

62Ko2 

9 

2 

(57M96) 

62MuO 4 

65GI08 

68Hi04 

50B75 

52M40 

53S61 

35VOI 

50B75 

52M40 

53S61 

35F06 

36jOI 

36S08 

37T03 

35F06 
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Table G: Nuclear Moments by Optical Spectroscopy - Continued 

Nucleus Tl/2 I-' or }L III-' 
2 

QorQ'/Q' !. Refer. 

;:7 Au 3/2 +0.1954 39E03 
~:7Au +0.1368 52K07 
~:7 Au +0.142 +0.56 10 53560 
~:7Au :':0.58' J 66Ac02 
~:7 Au :':0.54' 2 66Ha43 

~~3Hg 6h 3/2 -0.613 20 64KlOI 
!~3Hg 6h 3/2 -1.8 10 66DaO? 
~~3mHg llh 13/2 - 1.06 +1.2 3 641'005 

'9300/ 20,=2.7454 
!~3mHg Ilh 13/2 66Da07 
!~'Hg 9.Sh +0.5265 63KlO3 
~~5Hg 9.Sh 1/2 +0.54 64ToOS 
!~5OOHg 40h -l.060 10 +1.5 10 63KlO3 
!~5mHg 40h 13/2 -1.0S + 1.36 MToOS 

'95M/
20

,=2.814 

!~7Hg 65h 1/2 +0.52 1 54892 
!: 7m

Hg 24h 13/2 -1.04 1 +1.53 59M82 
!~8Hg 0< 31503 
~~·Hg 0< 3iTOl 
!~·Hg 1/2 31503 
!~9Hg :to. 54? 2 40MlO 
!~9Hg +0.532 57BllO 
!~'Hg +0.51 61Ag3 

!~'Hg +0.454 635c34 

!~'Hg ±O.S063 670r09 
;~OHg O· 31503 
;~OHg O· 31TOI 
~~IHg 3/2 31503 

~~IHg 3/2 -0.6 +0.5 35504 
;~IHg :to.607 40MlO 
;g'Hg +0.473 59C34 
;~IHg -0.5582 8 60Ra27 

201/ '99= I 10907 

;~'Hg -0.501- +0.49 635c34 
;~IHg +0.45 65Mu15 

+OAI-

!~2Hg O· 31503 

:~2Hg O· 31TOI 

;~3Hg 47d S/2 +0.83020 :,:O.S 8 64Re03 

;~'Hg 0< 31503 

;~'Hg 0> 31TOI 

!~5TI 1.2h + 1.564 69Go21 

!~7TI 2.8h + 1.55 2 66Dal5 

!~9TI 7.4h + 1.57 61Hu04 

;~oTI 26h ±~O.15 61ilu04 

;~'TI 72h + 1.58 6IHu04 

;~2TI 12d :t~0.15 61Hu04 

;~3TI 1/2 31502 

;~3TI 1/2 32102 

;~'TI 1/2 31502 

~~'TI 1/2 32J02 

;~5TI 20'/2OJ = l. 00966 46 37512 

;~3TI 2°'I,03~ 1.0089 10 600d02 
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Table G: Nuclear Moments by Optical Spectroscopy - Continued 

Nucleus Til' I I'- or 1'-'11'-• 

;~6Pb o· 
!~6Pb o· 
;~'Pb 1/2 

~~7Pb 112 

~~'Pb O· 
!~8Pb O· 

~~6Bi 6.3d +4.50 

2fJ61'1f11=+ 1.104 
~~9Bi >2Ay 9/2 

:~9Bi >2Ay 9/2 +3.6 
;~9Bi >2Ay +4.10 8 
!~9Bi >2Ay 

:~9Bi >2Ay 

:~9Bi >2Ay +4.23" 10 

+3, 7 hp 5 

:~9Bi >2Ay 

;~'Po 103y 1/2 

!~'Po J03y +0.77" 

;;'Ac 22y 3/2 
;;'Ac 22y + 1.1 I 

;~9Th 7,3ky 5/2 +0.41 10 

!~9Th 7.3ky 5/2 +0.34 7 

;~'Pa 34ky 312 

;i'Pa 34ky 3/2 

!~3U 162ky 5/2 positive 
;~3U 162ky 5/2 23'/ 23,=-1.5 

;~3U 162ky 5/2 233 / ,35=-1.61 

:~3U 162ky positive 

233/'35=-1.6 
;~3U 162ky 5/2 

!:'U 162ky ±O.74 

~;3U 162ky (±O.74) 

(using 

I'-IQ=0.15215 

:~'U 710My 7/2 

!~5U 710My 7/2 

!~'lJ 710My 7/2 233/'3,=-1.5 

!~'Np 2.IMy 5/2 

::9pU 24ky 1/2 

!:'Pu 24ky 1/2 
;!9pU 24ky 1/2 

;!9pU 24ky +0.27 6 
!!9pu 24ky +0.216 
!:9pU 24ky 

:;:0.207 i 33 or 

±0.17S i 40 

!!9pU 24ky +0,174 
!!9pU 24ky +0.195 

Q or Q'IQ' 

--0.4 

-0.374 

-0,379" 15 

-0.4 b 1 

-0. 79 P 
10 -20· 

-0.414 

+1.7 2 

=4.6 

large 

233/
235

=+0.83 

positive 

233/ 23,=+0.80 

+ 135 

±7.9 

±4.9 

233/
235

=+0.7 

Refer. 

31M02 

32KOI 

31M02 

32KOI 

31M02 

32KOI 

69Ma4. 3 

28BOI 

35504 

50K59 

67Di04 

68Ei04 

70CrOl 

70Gel o 

55VI6 

66Ch2 7 

51Tl9 

55F26 

MEgOI 

MTo02 

34504 

61Ri06 

54VOI 

55K36 

56K53 

56V27 

56Z05 

69Ba5 

69Be2 

2, 

9 

compil erg 

57040) 

55V07 

56K53 

57B66 

48T08 

54V06 

55K36 

55K40 

60ChO 9 

62Gel 

63Bel 6 

(62Gell 

(62Ko08 

MBal 

66Ko2 

o 
4 
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Table G: Nuclear Moments by Optical Spectroscopy - Continued 

Nucleus 1"/2 I 11- or 11- '/11- 2 

;!'Pu 13y ±0.73120r 

±0.62 15 

(241/ 239 =3.53 2 

!:lpU 13y 
!!lpU 13y 

241 A I 460y 95 m 

:l:~m I 460y 

.5 m 460y 

;:'Am 460y 

;:' Am : 8ky 

~:3Am Sky 

;~'Bk 3!4d 

!~'Bk 314d 

5{2 

5/2 

5/2 

7/2 

"",7/2 

7/2 

-0.673' 15 

241{23.=-:i.36520 

+ 1.4 3 

24' / 243 = 1. 008 

24'/243=1.002 

+ 1.4 3 

±S.! 7 

+5.1 13 

• Polarization or Sternheimer correction included 

• No hyperfine structure observed 

• Polarization of resonance radiation 

b Band spectra studied 

, Recalculation of earlier data 

d Reexamined spectra of 55V16 

E Enriched sam pIe 

Q or Q' fQ 2 

+5.62 

large 

+4.9 

+4.9 

±4.710 

±S.l 10 

Refer. 

63BeI 6 

54B72) 

64Chl 

69GeO 

53FOI 

56Tl8 

o 
4 

56M3l 

57F53 

54Cl9 

56M3l 

67WoO 

69WoO 7, 

4 70Co3 

68WoO? 

70Wo14, 

70Co34 

I '''In-lines apparently coincident with "'In-lines. Therefore, moments are believed 10 be 

the same. Lines 2% as intense as ll5ln-lines should have been observed 

• From I-spectra 

b From II-spectra 

'Q obtained from deformation which was estimated from isotope shifts 

j Calculated from data on ionization potentials 

• Average value of Q's determined for several states 

I From l1--atom hyperfine structure 

m Excited state 

• From 111- spectra 

• From IV -spectra 

"LASER 

'From 11- -atom nuclear transition 
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Table H: Nuclear Moments by Optical 
Double Resonance and Pumping Techniques 

Introduction 

In this table, data obtained by several methods in
volving combinations of optical spectroscopy and 
magnetic resonance have been collected. Some 
values obtained from measurements combining 
optical pumping and nuclear magnetic resonance 
are tabulated here as well as in Table E. 

The possibility of using optical radiation to alter 
the populations of atomic states in order to study 
hyperfine structure by magnetic resonance tech

niques was first discussed in a paper by Brossel and 
Kastler [49Br65] and later treated more fully in a 

paper by Kastler [50KaI6]. 

Most of the optical resonance methods involve 
three basic features: (1) excitation of an atom from 

the ground state to a metastable state by resonance 

radiation to Increase the population of certain 

magnetic substates by choice of appropriate fre

quency and polarization; (2) observation of rad

iation either transmitted or scattered at right angles; 

and_ (3) application of an oscillating rf or microwave 

magnetic field to induce a transition between sub

states, altering their relative populations with a 

subsequent change in the polarization, frequency, 

or intensity of the observed radiation. 

A schematic diagram of a typical experimental 

arrangement is shown in figure ]. Light originates 
in a resonance lamp S. It is focused by lens Land 

polarized by screen P. The gas in the vessel ab

sorbs and re-emits the resonance radiation. Photo

cells at the positions PC I and PC 2 serve to measure 

the transmitted or scattered light, respectively. A 

uniform magnetic field can be applied by a pair of 

Helmholtz coils and an oscillating magnetic field 
by coils rf. 

Fl(;URE 1. One po"i"l .. arrHllgl'lnt'nt uf ('ompon(,llt, of an oplic'al 

dou\)I(-, resonan{'e ('xperimclli. SCff"f"n P can iw u~('d to 

polarize lilt> n-'SO!l;JI1('t' radjation from tht' ::,ourcc S. 

Photoccll" PC I and PC, respond 10 Ihe Ira",,,"illed and 

" .. all('I'('d light. r('''pf'clivel),. TI", 1l,·lrnl!ollz coils H 
proouct' a rlHIi!!H'lk fJPjd alontr lhp axis of tlH-' ~{'Htten>d 

light. and II,e rf ('oils. an oscillating magnclic field pn· 

pendi('nlar 10 the incident and s('allerl,d radialion. 

One of the first such double resonance experi· 

ments was performed by BTossel and Bitter with Hg. 
The energy levels of the 1 So and 3p I states of the 

even isotopes are shown in figure 2. Absorption of 
incident plane-polarized, 1T(ilm J ==0), resonance 
radiation of 2537 A populates the 3p I, m FO sub

state. Application of an oscillating field at reso

nance frequency. inducing the ilm F± I transi
tions, will make the circularly polarized, o-(ilm r= 
±I), lines appear in the scattered radiation. 

ATOMIC 
~ STATE 

+1 
3 p 

t 0 

-1 

1T 1T 

o 
FICURE 2. An energy level diagram for an f'Ven isotope of Hg showing 

transitions involvt'd in a Iypical oplical double reso
nance experimenL The levels shown are the 'So and "P, 

states as split by a magnPti" field_ TIl<' solid arrow in

dicatf" 11lE' optical ah"orption pmc('ss while the bro~en 
arrows ff'prf'S(-'nt possible t-'mis~inll proc('sses. Dottt~d 

arrows n'prescnt the induced rf transitjun~. 

The optical pumping type of experiment is illus
trated by the diagram {or 199Hg in figure 3. Absorp

tion of incident, circularly polarized, o-+(ilm,.-=+l), 

radiation of the appropriate energy selectively 
populates the 3P t , F=I/ 2, m,.-=+1/2 level which de

cays by 1T and 0- emission to the + 1/2 and _1/2 ground 

substates, respectively. Since the m,.-=+1/2 state 

cannot absorb the 0-+ radiation, the _1/2 state is 
gradually depleted and the atoms are "pumped" 

into the upper state. When the atoms have been 
oriented in this manner, the application of an rf field 
to induce the + 1/2-~_1 /2 transition in the ground 

state will produce an increase In the absorption 
and scattering of the 0-+ light. 

In a variation of the optical pumping method, a 
mixture of two gases or vapors is used. If one of 
these is optically oriented, it is found that the sec

ond gas will become oriented by collisions with the 

atoms of the first gas by means of a spin-exchange 

process. A magnetic resonance experiment per-

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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ATOMIC 
STATE 
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I 
I 

-I-
I 
I 
I 

17'1 
I 
I 
I , 

I 
: rf 

mF F 

+ 112 
112 

- 1/2 

+ 112 
112 

-112 
FIt;URE,3. An eneq(y level diagram showing the transitions involved 

in a typical optical pumpin,,: experiment. The levels 

shown are the '5" and "P" F= 1/2, states of 199Hg(/= 

1/2). The solid arrow represents the ahsorption process 

while the broken arrows reprpsent the two possihle emis· 

sion pro('esses. The dotted arrow represents the induced 

rf transition. Transitions to th" F" 3/2 state are not 
shown. 

formed on the second gas results in a disorienta
tion of the first gas. The existence of the resonance 
for the second gas is then observed as a change in 
the transmission of the resonant radiation for the 
first gas. 

In level crossing experiments, the vapor or gas is 
illuminated while In a homgeneous but variable 
magnetic field. When the magnetic field is adjust
ed to a value for which two levels cross, a change in 
the angular distribution of the resonant radiation 
can be observed depending on the nature of the 
radiation used and the m p-values of the levels. At a 
field such as HI, figure 4, the resonant radiation 
will be made up of the transitions CA or BA. when 
the levels cros'! or approach degeneracy (a level 
separation less than the natural line-width) such as 
at field H 2' figure 4, the scattering is from a single 
state, made up of a combination of the two inter
fering levels, and there is a change in the scattering 
amplitudes. Since in this type of experiment no rf 
or microwave radiation is needed to induce transi
tions between the sublevels because the energy 
difference of the levels is zero, it has been called a 
double resonance experiment at zero frequency. 
This technique was first used by Colegrove et al. 
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FIGURE 4. Diagram of the transitions in a level crossing experiment. 
Curves A, B. and C show the field dependellce of the 

energies for the ground·stale level A and two excited states 

Band C. Solid arrows indicate induced transitions; dashed 
arrows, the emitted radiation. 

[59C092J to measure the fine-structure separation 
of the 3p I and 3p 2 levels in helium. Additional in
formation on the interference or coherence 
effects in resonance fluorescence can be found in 
papers by Franken [61Frll] and by Rose and Caro
villano [61R032]. 

In these experiments the interaction constants 
and hyperfine-structure splittings for the atomic 
states can be found from the energy differences 
(determined by the frequencies of the applied rf 
fields) of the hyperfine levels if transitions can be 
induced between them at known fields. A simple 
discussion of the energies of the atomic levels and 
the calculation of the nuclear moments from the 
hyperfine constants can be found in the Intro
duction to Table F: Nuclear Moments by Atomic and 
Molecular Beams. 

There are many variations of double resonance 
techniques. In some experiments, electron bom
bardment is used to excite the atoms; in others, 
variable Zeeman scanning is used to alter the ener
gy of the radiation emitted by the source. General 
discussions of optical orientation and its applica
tions can be found in papers by Bell and Bloom 
[57Be36], Kopfermann [60K020], Dodd and Series 
[6lDolO], Skrotskii and Izyumova [6ISk3], Bitter 
[62Bi21J, Cohen-Tannoudji and Kastler [66C042], and 
Budick [67Bu26]; as well as in the papers already 
referred to. 

The last systematic literature search for the infor
mation included in the table was in early 1971. 
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Explanation of Table H 

Chemical symbol with Z- and A -numbers 
States, other than ground states, are designated by "m" following the A -number. 

Half-life of radioactive nucleus 

Nuclear spin, in units of h/27T 

Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction. See 

Policies, Diamagnetic corrections, for factors used 

A 5% uncertainty in the diamagnetic correction is assumed. 

Values of fL, which are calculated from i1v- or a-ratios, do not include a hyperfine-structure 

anomaly correction. This correction can be of the order of 0.001% to 1%. See [70FuCoj. 

N udear electric quadrupole moment, in barns, as given by the experimenter 

Values marked by an asterisk, *, indicate that the experimenter has made some polarization or 
Sternheimer corrections in computing the moment. 

Symbols used to designate the various techniques are as follows: 

DR Optical double resonance 

EI Electron impact 

LX Level crossing 

OP Optical pumping 

SE Spin exchange 

Reference key 

Atomic state for which the hyperfine-structure splitting and interaction constants are listed 

Total angular momentum quantum numbers which characterize hyperfine levels of the atomic 

state at zero magnetic field 

Zero-field hyperfine-structure splitting between levels of total spin F and F', given without sign 

Values are given in MHz unless otherwise noted 

Values of the interaction constants as given by the experimenter 

Values are given in MHz unless otherwise noted. 

See Introduction to Table F for discussion of interaction constants. 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table H: Nuclear Moments by Optical DoubJe Resonance and Pumping Techniques 

Nucleus 1'''2 I 1 I 
iJ. Q Method Atomic State f).v(F.F') Interaction 

Refer. F.F' Constants 

:11 SE 62Pi04 's 'I': 1,0 1420.405738 6 

;H SE 60Anl3 '5,/,,3/,.'1, 327.384347 5 

;H or 68Ha24 's 'I': 'I,. 'I, 327.3843526 12 

;H SE 69La29 '5 '1':'/" 'I, 327.38435251 5 

~H 12y 51:: 62Pi04 's 'I': 1.0 1516.701464 6 

;He LX 66Ge06 2'P a=-4283.5 

~He EI 69J027 3 3p,J=1.F='I, .... 6058 

I 
J=2.F='I, 

!He OP 70Ro16 , 2'S,:3/,. 'I, 6739.701177 16 

~He+ SE 69Sc26 '51/,:1.0 8665.649867 10 

~Li DR 65Ri03 2'P ,/2:3/" '/, 26.03 a=I7.32 

~Li SF 69WrOl '5",:3/" '/, 228.205261' J 2 in He,Ne,Ar 

~Li+ EI 69Adll 2'P,:2,1 28805 

~Li DR 65Ri03 2'P'I,:2,1 93.3 10 a=46,6550 

~Li -0.03 2 

I 
LX 67Er05 2'P '/2 a=-3.40 23 

b=-0.18 12 

;Li -0.0390' 26 LX 69Ly05 2'P'/2 
;Li -0.0117*123 LX 691805 3'P,/, a=-0.96520 

b=-0.01922 

~Li SF 69WrOl '5",:1,0 803.504094'25 in He, Ne, Ar 

;Li +0,00073' LX 71Am02 3'P 31, 

-0,0013" 

;Li LX 71Ha70 2'P 31, a=-3,0I 5 

3'P 3/' a=-0.984 

b=-0.09 1 

~Li 0.85s 2 :!: 1.653' SF 71Ot04 '5,1,:'1,,'/, 382,542' 15 

i4N SE 59An34 's 3/': 5/,.' I, 26.12721 18 a=+ 10,4.';091 7 

'I,. '/, 15.67646 12 b=-0,000058 

~'N SE 62Ho17 '5 31,:'/,.'/, 26.127288' 40 a= 10.450925' 20 

'I"~ '/, 15.676390' 40 b=7' 20Hz 

:'N 5E 70Well '5 a = 10 .4509294' J 8 

b= I ,3:1:511z 

ib is independent of l' and P 

;5N 5E 59An34 '5,/,:2,1 29.29136 16 a=-14.64568 8 

i'N SE 62Hol7 '5",:2, I 29.290902' 40 a= 14.645441' 20 

;5N SE 62Lal '5,/,:2,1 29,290913 15 

~~Na 408m3 2 :'::0.3694 i 10 5E 708047 '5 'I':' I ,,' /2 276.6 i 3 2°Ne(d, ) 

710104 

~;Na 238 3/2 :':2.46; 8 5E 69Koi0 2°Ne(d, ) 

7JOI04 

;~Na +0.106 DR 54534 'P'I,,3,2 61 2 a=19.S 6 

2, I 36.6 20 b=2.4 14 

;~Na OP c,8A06 '5,/,:2,1 177 1.6262 I 

~~Na +0.134 DR SBK69 

~~Na DR 60Ar9 'D5/2 8<0.33 

;~Na +0,097 13 DR 6ODol .3 'P 3/2 a= 18,5 6 

b=2.2540, b/a>O 

;~Na :':0. J46 b 20 DR 66AcOI 3'P'/2 a=IB,74 

:!:0,14517 (using a(p l/') and b) b=3.4 4 

;~Na :':0. \38 b 25 DR 66Ba20 .3 'P 312 a=18,5'~ 

b=3.2 5 

;~Na LX 68C021 

I 
3'P,/, a= 18,54 

I b=3.0 6 
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Table H: Nuclear Moments by Optical Double Resonance and Pumping Techniques - Con. 

N udeus I T 1/2 I M Q Method Atomic State dll(F,F') Interaction 

Refer. F,F' Constants 

~~Na OP 68Ma57 2S
1I
,:2, I 1771.626150' 50 

~~Na :;:0.121" 14 LX 685cl2 3 2p 3/2 a=18.65 10 

:to.097- b=2.8230 

:;:0.114"12 LX 4'P 3/2 a=6.006:1: 30 

:to.095· b=O.86:t 9 

tAs.umed g t= 1.334 

~~Na +0.124"15 LX 69Ba27 3'P 3/2 I a=18.80+ IS 
b=2.9:j: 3 

:j:Assumed g t= 1.33444 

~~Na DR 70Ha59 3'P 1/' 4I"'iX.3 2 

~~Na ±O.109*b 3 LX 70Ma32 3'P 3'2 a=19.745 

b=3.344 

;~Na ±O.095 b 20 LX 70Sc33 3'P,/2 a=18.93 

b=2.4 3 

4'P 3/2 a=6.2 2 

b= 1.0 1 

;~Na :to. 102"12 LX 715112 3'P 3/2 

:to.IOO·' II (68ScI2) 4'P 3/' 

~;Al LX 66Bul5 '0 5/, a=182.115 

b=13.1 30, bfa<O 

;~AI LX 70St26 'D 5I2 a=204:j: 3 

Wor g t= 1.2 Ibfal,,;0.2 

. '03/2 a=72+ 8 

:j:For g FO.8 Ibfaj";O.3 

~~P SE 62La26 'S3/2 a=+55.055691; 8 

~!p 64Be42 'S3/' expect a<O, unless exchange 

polarization model breaks down 

I 
~:K 245ms 2 :':0.548; 3 SE 73Sc36 36Ar(p, ) 

~~K 1.2. 3f2 +0.20320 6 5E 71 Vo03 'SI/,:2,1 240.2672 7 ""Ar(d,) 

~:K +0.402 +0.11 2 DR 57R37 5'P 3/2 a=1.97 I 

b=1.7 3, bfa>O 

~:K OP 60BII5 's 1/,:2, 1 461.71969030 

~:K DR 61Foll 5'P 1/2 a=8.99 15 

~:K :':0.056" 22 LX 67Ba64 

~:K LX 685c09 4'P 3/' a=6.0 J 

b=2.9 2 

±0.053* 8 5'P 3/2 a=1.9S5 

±0.057 4 b=0.92 10 

~:K ±0.062S b 24 LX 69Ne03 4'P'/2 a=6.135 

b=2.72/2 

:!:0.061 b 14 5 'P 312 a=1.972 

b~0.85 3 

~:K +0.053" LX 70Fi17 4'P '/' 
+0.053" (69Ne03) 5 'r 3/2 

~:K DR 71Ch61 6'S",:2,1 45.S 2 

~:K +0.049-' 4 LX 71Stl2 

(685c09) 

~~K 1.3Gy -O.093 E 25 DR 62BuiO 5'P3{2:"[,,9/, 7.68 30 a=-2.455 

-O.07S EI 25 7/,'>f, 14.3812 b=-1.3133 

~~K 1.3Gy _0.07. bE LX 68Ne05 4 'r 3/2 a=-7.596 

b=-3.55 

5 'P 3/' a=-2.45 2 

b=-I.J 2 
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Table H: Nuclear Moments by Optical Double Resonance and Pumping Techniques- Con. 

Nucleus T'/2 1 IJ. Q Method Atomic State !:J.v(F,F') 
I 

Interaction 

Refer. F,F' Constants 

~~K 1.3Gy -0.068-' LX 70Fil7 4'P312 
-0.0690' (68Ne05) s'p 3/2 

~~K 1.3Gy -0.067" 10 LX 71S112 4'P 3/2 
-0.067" 12 (68Ne05) S2P 3/2 

~~K OP 60B1l5 's 11,:2, I 254.01387035 

~~K ±0.0761 b 36 LX 69Ne03 4'P 3/' 0='3.408 

b=3.34 24 

±O.0760· 15 S'P 31' 

I 
(1= 1.08 2 

b= 1.064 

~!K +0.06S o't LX 70Fil? tUsing Q4I/ Q 39=1.2173 

~!K +0.060":1: 5 LX 7]5112 tUsing Q"/Q3Q= 1.2173 

~~Ca <±0.23 LX 69KI03 'P, 
I 

a=-15.34 

b<:!:12 

~!Cr DR 66BuOI 'P .(.3d 54p) 
I 

a=] 1.60 15 

7p 3(3d54p) 0";; 1.5 20 

'p ,(3d 54p) 0=26.16 10 

'p 3(3d'4s4p) 0=70.4 26 

;;Mn ±0.40 2 LX 69Ha22 z6 p,I, 0=429.059' 43 

b=63.86' 90 

c=O.030' 59 

z·p 5/2 0=467.410' 13 

b=-73.46' 19 

c=-0.029' 26 

z 0p 3!2 0=571.8580 

b=11.556 

;;Mn SE 7lDa36 ·S512 0=-72.420836" 15 

b=- ]9031· 17Hz 

c=-0.7 P 10Hz 

d<0.2S; e<0.02Hz 

~~Cu negative LX 66Bu14 'p 3/2 0=1952 

b=4] 8, b/o<O 

~:Cu LX 66Ne05 'p 3/' 0=+194.72 15 

-0.25 (using a('p 1/2) and b) b=-28.8 6 

~;Cu LX 67Bu1O 'p 3!2 0=+2140.0 23 

b=-37.92 

~!Cu -0.31St 12 LX 68Bu16 'p 31' 0= 195.2325 

-0.23St 10 h=28.75 70 

b/(1<O 

tUsed <r-3>=1.29a~3 

tFrom D-Ievels, with corrections 

~;Cu ! -0.21J·
cl

4 69St24 

~!Cu -0.210<+ 4 LX 70Fi17 :j:Using Q63/ Q 65=1.0805 

~~Cu LX 66Bul4 'P'I' 0=210 2 

b=35 8, b/a<O 

~!Cu LX 66Ne05 'p 31' 0=+208.:;7 15 

-0.22 (using a('P "') and b) b=-25.96 

~;Cu LX 67Bu 10 'p 3/2 a=+2292 .. 'l 25 

h=-35.0 2 

~!Cu -0.16J' 3 67S129 'D." 
o~ -0.196 0 ' 4 (67Fi02) (atomic spectra) 

-0.228' 5 ( 67Bu 10) 'p 31' 

o~ -0.194" 4 

I 

ave -0.195- 4 

:~Cu 
I 

-0.194 0 '4 LX 70Fil? 4'P'12 
(66Ne05) 
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Table H: Nuclear Moments by Optical Double Resonance and Pumping Techniques - Con. 

Nucleus 1"1' I JL Q Method Atomic Slate Ilv(F,F') Interaction 

Refer. F,r Constants 

~~Zn 38m 3/2 -0.28156' 5 +0.29' 3 DR 69La05 'P, a=-326.57' 4 

b=-34.46' 3 

Q63 /Q 6'=1.834713 

~~Zn 245d 5/2 +0.76922 -0.024 2 DR 64ByOl 'P,:'I,:!, 1875.475 6 a=+535.163' 2 

5/ 2 :1, 1334.123 6 b=+2.870' 5 

Q 65 IQ6'=-0.15283 

~~Zn 245d LX 64La08 'P, b=+2.867't 12 

Q6.' IQ6'=-0.15278 

tUsed a-value of 64ByOI 

~~Zll +0.18 2 DR 57BII0 3p I: '1,,'1 2 211J.l312 a=608.995 

51" 'I, 1551.54 10 b=-19.379 

~~Zn DR 62Lu04 'P, a=609.1S" 

b=-IS.S cf 

~~Zll DH 64ByOl 'P,:'/,:I, 2111.300 3 a=609.086' 2 

51,:1, 1551.5654 b=-18. 782' 8 

~~Zll LX 64La08 3P. b=-18.770't 12 

tUsed a-value of 64ByOI 

~~Zn :;:0.87524 11 OP 67Sp04 (6'Zn vapor; mineral oil) ..,67/..,('H)= 

0.0625241 6 

~~Zn ±0.87524 1/ OP 67Spll (6'Zn+ '''Cd cell) ,,6'/v( lllCd)= 

0.295228 2 

~~Zn +0.150" 15 DR 69La05 3p,., 

:;Rb +0.29520 DR 55Me07 6'P 3J,:4,3 39.35 15 a=8.166 

3,2 20.6720 b=8.40 40 

2, I 9.7920 

~;Rb DR 61Bu02 6'P 31,:4,3 39.275 48 a=8.1789 

3,2 20.812 61 b=8.19940 

2,1 9.824 

~~Rb :;:0.298"£ 1 DR 65Sc08 5'P3/2 a=25.029 /6 

or :;:0.247'"£ b=26.032 70 

I 

±0.283 bE 8 6'P 3/2 a=8.25 10 

b=8.1620 

or :;:0.254* E (from b and fine structure separation) 

~~Rb LX 66Bu17 6'P31' a~8.163* 4 

b=8.19t 3 

tAssumed g r 1.334 

~~Rb + 1.3524 2 OP 67Ba47 '5'/2 gdr;,f= 
-1.46648x 10 -4 8 

~~Rb +0.316 7 OR 68Bu06 7'P 31,:4,3 17.784 a~3.71 I 

or +0.267* 6 b=3.688 

~~Rb OR 68FeOl 7'P 1/,:3,2 52.95 6 a=I7.652 

~~Rb :;: 1.3524 2 OP 68Wh01 r;dgJ= 
1.4664908xIO-'· 30 

g""/g 87 _. 

0.2950736 7 

~~Rb +0.31620 DR 68ZuOl 8'P 3/,:4,3 9.556 a=1.99:j:2 

or +0.270* 17 b=1.98t 12 

tUsed known /L- and Q-ratios to 

determine a and b from Il" 

~~Rb :;:0.330" OR 68Zu03 5
2
P 31' 

I :;:0.317" (65Sc08) 6'P 3/' 

~;Rb +0.260-t 2 70Fi17 tusing Q""/Q8'=2.0669 

~~Rb DR 71Ch61 7'S 1/,:3,2 271 i5 I 
~~Rb +0.263** 2 71Stl2 tuBing Q""/Q8'=2.0669 

~;Rb DR 72Ch57 S'D 3/2 

I 

a=8 P 3 

~~Rb DR 72Gu26 7'S 1/2:3,2 278' 5 
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Table H: Nuclear Moments by Optical Double Resonance and Pumping Techniques- Con. 

Nucleus T'I' I /L Q Method Atomic State Av(F,F') Interaction 

Refer. F,F' Constants 

~;Rb 47Gy +0.143 10 DR 55Me07 6'P 3,,:3,2 86.95 a=27.63:j: 10 

b-4.06:j: 20 

tUBed known ratios g87,gB5=3.388 

and b
85

/b
B7=2.0669 

:;Rb 47Gy OP 58B99 'S'12: 2,1 6834.682608 7 

~;Rb 47Gy DR 618u02 6 2 P 312: 3,2 87.12243 a=27.70715 

2.1 51.41831 b=4.000 39 

1,0 23.696 97 

~;Rb 47Gy or 61Ca22 'SlI,:2,1 6834.682590 70 

~;Rb 47Gy DR 638u13 52 P 31,:3,2 267.1715 a=84.853 30 

2,1 157.09 10 b=12.611 70 

1,0 72.25 20 

:;Rb 47Gy :,:0.144 bE I DR 6SSc08 S2P 3/2 a=B4-.852 30 

or 0.120. b
" b=12.61170 

±O.137"4 62P31, (a=27.9635) 

b=3.95 /0 

:,:0.123*' (from b and fine structure separation) 

~;Rb 4-7Cy +O.J38 E
} DR 65Z,,01 6'P 31,:3,2 87.043 a=27.702 

+0.114'[ 1 2,1 51.4-62 b=3.944 

1,0 23.75 6 

~;Rb 47Gy LX 66Bu 17 6'P 31' a=27.6l:1: 4 

b=3.91t 7 

:j:Assumed g F 1.334 

~;Rb 47Gy +2.75005 OP 67Ba47 '5,,, gJ/g,= 

-4. 96997x 10 -4 9 

~;Rb 47Gy +0.1472 DR 68B,,06 7'P 31,:3,2 39.4-32 a= 12.57 I 

or +0.124* 2 2, I 23,43 3 b=1.713 

1,0 10.87 4 

~;Rb 47Gy :':2.74995 OP 68WhOl (!;I/g,= 

4.9699147x10 4. 50 

~;Rb 47Gy +0.153 9 DR 68Z,,01 8'P 3/2:3,2 21.204 0=6.75t 3 

or +0.13]* 8 b=0.96t 6 

tUsed know n j.L- and Q-ralios 

to determine a and b from AI' 

~iRb 47Gy :to. 160<" DR 68Zu03 5'P'I' 
:':0.153'· (65Sc08) 6'P 3/2 

~;Rb 47Gy 70F'i17 

'I 

+0.126*< I DR (65Sc08) 5
2
P 3/' 

+0.126" I DR (65ZuOI) 6'P 312 

+0.124'< 2 DR (688,,06) 7'P3/2 

~;Rb 47Gy DR 71Ch61 7'S 11,:2, 1 56540 

~;Rb 47Gy +0.127*+ I 71S112 tAverage value 
! ±0.127 o' 1 DR (65Sc08) 5'P 31' 

:,:0.127'< J DR (65Z,,01) 6'P 3I, 

±0.123" 2 DR (688,,06) 7'P'I' 
:':0.129'<8 DR (68ZuOI) 8'P 3f2 

:;Rb 47Gy DR 72ChS7 I 52~312 a=23 P 5 

~;Rb 47Gy DR 72Gu26 7'S 1/,:2, 1 623" 7 

~~Sr ++0.36 3 DR 63Zu04 5'P,: "/,,9/ 2 1463.149 6 a=-t260.0842 

I 9", '/, 130.264 6 b=-t35.658 6 

:j:Sign from optical spectro-

scopy data 

~:y 

I 
LX 708e59 z'Fsl2 For g FO.854 a=23.84 

z'F 71' For g FI.148 a=84.08 I 
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Table H: Nuclear Moments by Optical Double Resonance and Pumping Techniques- Con. 

Nucleus 1"/2 I I-' Q Method Atomic Slale fj.v(F,F') Ipteraction 

Refer. F,F' Constants 

!:'Pd LX 68Bu04 3p, a= 132 6 

b/a=-I.l 5 

!~7 Ag LX 66Bu18 2p 3/2 a=284 
!~9Ag LX 72M048 5

2
P '/2 a=364 

!~'Cd :i.5m S/2 -0. 738S' 2 +0.43'4 DR 69La06 'P, a=-102S.9' 2 

b=-103.9' 3 

!~7Cd 6.7h 512 -0.61S5' 8 to. 77cl 10 DR 63By02 'P, a=-854.2 10 

b=-·1663 
!~7Cd 6.7h -0.61447' 15 +0.68" 7 LX 63Th06 'P, a=-853.543' 6 

69La06 b=-163.279' 5 

~~7Cd 6.7h ±0.61444 15 OP 66Mcl7 (Cd vapor; mineral oil) v{v(,H)= 

68Mc20 0.0437924 20 

('07Cd + '''Cd cell) vlll( lIICd)= 

0.20678100 22 
!~'Cd 470d 5/2 -0.8276' 15 +0.7810 DR 63Mcll 3p, a=-1148.6 20 

b=-167.320 

!:'Cd 470d LX 63Th06 'P, a=-1148.784'7 

b=-165.143' 5 

!~'Cd 470d ±0.82701 20 OP 66Mc17 (Cd vapor; mineral oil) v/v('H)= 

68Mc20 0.0589435 20 

("1'1Cd+ "'Cd cell) 1//1/( '"Cd)= 

0.27832106 28 
!~'Cd 470d ±0.82701 20 OP 68Le08 ('"Cd+ '''Cd cell) v ll1 jv l09= 

3.5929795 20 
!~9Cd 470d +0.69< 7 69La06 3p, 

!! 'Cd DR 62La24 'P,:'/,,'!, 6185.72 2 

!! 'Cd DR 63La 12 3p, a=-4123.81 1 

!! 'Cd LX 64Lu04 'P, a=± 1864 
!~ 'Cli ±0.59429 14 OP 66Le21 ("'Cd+ '99Hg cell) v!v('99Hg)= 

1.1879850 5 
!! 'Cd ±0.59429 14 OP 66Mcl6 (Cd vapor; mineral oil) v/v(,H)= 

68Mc20 0.21178316 
!~ 'Cd OP 69LelO 5'P, Q positive 
!! 'mCd 49m 11/2 -1.l040· 4 -0.85' 9 DR 69La06 'P, a=-697.1'2 

b=+202.3' 5 

~!'Cd >3]y DR 62La24 'P,:'/,,'/, 6470.79 2 
!!'Cd >3Jy ±0.62167 15 OP 67Le22 ('"Cd+ 113Cd cell) VI13/Vll1= 

1.0460840 2 
~!3Cd >3Jy ±0.62167 15 OP 66Mcl6 (Cd vapor;mineral oil) vlv('H)= 

68Mc20 0.221543 2 

V
Il3

/V
lll = 

I. 04608417 24 
~!3Cd 14y 1l/2 -1.0875' 3 -0.71 1 7 DR 64By03 'P , :"/,,"!, 4310.572 5 d=-686.0425' 8 

69La06 "1,,9/, 3949.625 7 b=+169.047 1 9 
!! 'ruCd 14y -1.0867 3 OP 69Ch07 ('

13Cd+ lllCd cell) v~13rn/vlll= 

0.16623263 10 
!!5Cd 2.3d 1/2 -0.64623 DR 64Mc06 'P, a=-4484 2 
!!5Cd 2.3d -0.64777 15 OP 69Ch07 (lI5Cd + lllCd cell) v

1l5
/V

l1l = 

I. 0900002 12 
~! 'wCd 43d 1l/2 -1.0424' 10 -0.55' 6 DR 64Mc06 'P, a=-657.66 

69La06 b=+ 131 6 
!~ 'ruCd 43d 

I 
-1.0400 25 

I 
OP 69Ch07 ('

15Cd+ '!lCd cell) ,, 1l5m lv lll:;;; 

I 0.15908842 6 
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Table H: Nuclear Moments by Optical Double Resonance and Pumping TechnitIUes-Col1. 

Nucleus 1'1/2 I J1. Q Method Alomic State t,.,(F.F') Interaction 
Refer. F,F' Constants 

!~'In and LX 69Br09 5
2
0 3/2 a=±64.5:j: 10 

!! sin bla=-O.59 17 

6'0"2 a=±72./t 3 

b/a=-O.475 

:l:Assumed g ,F0.8 
!!'In and LX 70Zi06 5'0,/, For g ,F 1.2 a= 148 8 
!~ Sin b/a<c;0.3 

(3+=L94 

*Stark coefficient in 

MHz/(kV/cm)' 

!~7Sn LX 67Br24 'P~ a 117/a 119=0.9555 3 

;!9Xe EI 69J026 5d[7/21. a=-583.571" 2 

~!9Xe LX 69Le02 5d[5/2]; a=829.5 8 

~:lXe ±0.6913 23 t 67Ha33 i"Electron- pumping. " NMR ob-

served by change in radiation 

when aligned nuclei bombarded 

by electrons 

~~ ICS IOd -0.572* 10 LX 68AcOl 6'P 3/' a=+96.S430 

b=-91.6 16 

~!ICS 10d -0.691 9 DR 69Scl5 7'P 31,:4.3 104.0 2 a=+3L736 

·-0.57* 1 3,2 108 b=-28.6.3 35 

2,1 86.43 

;!'Cs 10d -0.57S-+ 6 715112 :I: Weighted average 

-0.583" 10 LX (68AcOl) 6'P 31' 
-0.570" 8 LX (68AcOI) 7'P '/2 

!~2CS 6.2d +0.459- 10 LX 68AcOl 6'P ,/, a=+7S.7560 

b=+73.3S 160 

~~'C8 6.2d +2.22" 1 +0.570 15 OR 69SclS 7'P 3/2:'/,,'/, 108.30 30 a=+2S.03 12 

+0.47* I '1,,'1, 47.7540 b=+23.60 60 

31" 'I, 17.0050 

;~'Cs 6.2d +0.469*:1: 10 715112 iWeighted average 

+0.468" 10 LX (68AcOI) 6'P 31, 

+0.474 0 " 30 LX (68AcOl) 7'P", 

~;'Cs -0.003 2 DR 55A56 7'P ,/,:5,4 82.85 5 a= 16.60 1 

4,3 66.455 b=-0.118 

3,2 49.905 

!~'C8 DR 58Bu05 7'P 1,,:4,3 400.8 I 

;~'Cs -0.0036 13 DR 59Bu93 7'P 3/,:5,4 82.93 3 

4,3 66.42 5 

3,2 49.943 

!!'Cs -0.0024 b 20 OR 62Ru30 8'P'I,:5,4 38.09330 a=7.6265 

4,3 30.502 130 b=-0.04942 

3,2 22.91230 

!~'Cs DR 64F811 7'P'I,:3,2 49.8J"3 

8'P3/2:5,4 37.82 5 a=+7.58 I 

4,3 30.32 b=-O. J4 5 

3,2 22.853 

:~3CS ±2.S780 7 OP 68HaOl gJ/gJ= 
1.9917398xlO-" 26 

;;'C. -0.0028' LX 69SvOI 6'P 3/' For g ,F 1.345 a=SO.72 3 

b=-0.38 18 

-0.0032- 7'P 3/' For g ,F1.3349 a= 16.610 6 

b=-0.15 3 

-0.0030>+ 6 tAverage 
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Table H: Nuclear Moments by Optical Double Resonan(~e and Pumping Techniques- Con. 

Nucleus T'/2 I JL Q Method Atomic Slate (j.v(F,F') Interaction 

Refer. F,F' Constants 

!~3CS LX 69Vi03 6'P 312 For g .F 1.3341 3 a=50.458 

b=-0.66 72 

!~3CS DR 71Ch61 8'5",:4,3 68450 

~~3CS -0.0030'< II DR 71St12 7'P 31' 

(59Bu93) 

~~4CS 2.1 Y +0.4363 DR 68He07 7'P 3I,:" / ,,9/, 105.10 6 a=+ 16.851 16 

+0.356> 2 9/,,7/ , 72.0 /5 b=+18.0712 

7 / ,,' I, 46.56 13 

;~·Cs 2.ly +0.427 J I DR 68KnOl 8'P",:"I,,9!, 47.8412 (a=7.69) 

+0.355> II b=8.06 20 

~~4CS 2.ly +0.455 3 DR 69Zu04 6'P 3/' 

~~'Cs 2.1y 70Fi17 

+0.360>" 3 DR (69Zu04) 6'P", 
+0.356'" 2 DR (68He07) 7'P 3/2 

+0.355'" 7 DR (68KnOI) 8'P'12 
!~4CS 2.1 Y +0.364>+ 2 71Stl2 :j: Weighted a vcrage 

+0.367 0 < 3 (70Fi17) 6'P 3" 
+0.361'" 3 DR (68He07) 7'P 3" 
+0.359'" 7 DR (68KnOI) 8'P 312 

!;5Cs 2My ·!-0.049 2 DR 59Bu93 'p '/2: 5,4 B9.42 5 (a= 17 .57:1: 1) 

I b=+2.199 

:j:Calculated using a '33(55A56) and 

g-ratios from atomic beam mea-

surements (57Stl1) 

~~5CS 2My +0.0536- LX 695vOl 6'P 3" For g .F 1.345 

I 
a=5.i.64 4 

b=7.41 32 

+0.0495' 7'P 31, For g .F i .3349 a=i7.S70 6 

h=2.35 7 

+0.052':1: 5 :j:Average i 
:~'Cs 2My +0.044":1: 2 DR 71Stl2 7'P 31' :j:Based on Q,'34, weighted aver-

age, and b-values of 59Bu93, 

68He07 

!;'Cs 30y +0.0502 DR 59Bu93 'P ,,,:5,4 92.995 !(a=IB.2Bt J) 

b=+2.23 9 

tCalculated using a 133(55AS6) and 

g-ratios from atomic beam mea-

surements (575tI1) 

!~7C. 30y +0.0545- LX 695vOl 6'P 3/2 For g .F 1.345 a=55.BO 4 

b=7.S420 

+0.0499- 7'P3/, For g .F 1.:1349 a= IB.274 6 

b=2.37 4 

+0.052-t 5 tAverage 

!~'Cs 30y +0.045 01 :1: 2 DR 71Stl2 tBased on Q* '34, weighted average, 

and b-values of 59Bu93, 6BHe07 

!!SBa +0.1B 2 DR 63Zu05 3p ,:5/,.'1, 2536.94 6 a=1028.312 

3 / " '/, 1603.39 2 b=-27.0B 2 

!:'Ba :,:0.83651 26 OP 660102 'So 

!!5Ba LX 6BOpOl 'P, b/a=-O.02636 J 3 

i~5Ba 1" OP 70Vo08 6'5 112 a=3591.6706 3 

~!7Ba +0.2B 3 DR 63Zu05 'P,:'/,,'I, 2824.46 6 a=IlSO.S92 

3 / " '/, IB19.50 2 b=-4L61 2 

!!'Ba ±.0.20 LX MLu09 'P, a=-113.2 10 

(b=58.2:j:) 

tFrom atom ic spectroscopy data 

J. Phys. Chem. Ref. Dala, Vol. 5, No.4, 1976 



960 GLADYS H. FULLER 

Table H: Nuclear Moments by Optical DoubJe Resonance and Pumping Techniques- Con. 

Nucleus T'I' I 11- Q Method Atomic State t,v(F,F') I Interaction 
Refer. ! F,F' Constants I 

!~7Ba ±O.93573 28 or 660102 'So v 137/ 11 135 _. 
I. 11862 3 

!!7Ba LX 680pOl 'p, bla=-O.03621 /3 
~:7Ba ~ op 70YoOB 6'SI/, a=40IB.87114 

~~9La LX ?OHe26 y 'D 3/2 For g j"0.802 a=143.1B IJ 

b=I.2737 

y'Osl' Forgj"1.186 a=63.41 21 

b=-13.3 14 

:~9La LX 70He20 z'F 5/2 For g j"0.9054 a=410.8 10 

b=52.B7 39 

bll1=+0.12B7 2 

z'F 71' Forgj"1.195 a=146.11 25 

b=50.7 19 

bla=+0.347 8 

~~7Sm LX 69Ha60 'F ,(4f'5d6s') a - -297" 

'D ,(4-f66s6p) a-+267" 

!~9Tm LX 69Ha60 J= 9/, a=-333.9" 31 

J= 'I, a=-360.7" 31 

i~IYb LX 67B,,06 3p, a l1l /a 173 = 

-3.61742 

;~IYb ±0.49188 20 OP 670101 ISO 

;~IYb LX 69Ba48 3p ,(6s6p) a=3959.1 14 

DR a I1lla 173 =3.61663 

i~'Yb LX 69B,,06 Ip, alg j"206.0 16 

;~'Yb LX 70Bull 'p 1(4[ 146s6p) amla 173 = 
3.616505 

3p 1(4f135d6s') a 17I1a 173 =3.6329 5 

;~IYb DR 70WaO? 3 p ,: 'I,. 'I, 5936.73930 a=3958.228 60 

;~'Yb jcO.6775527 OP 670101 'So 11- 173 / 11- 171 = 
1.37748 6 

;~'Yb LX 69Ba48 'p ,(6s6p) a=-1094.76 

DR b=-826.9 9 

;~'Yb LX 69Bu06 Ip ,(6s6p) alg j"S6.9 5 

big j"575 7 

i~3Yb LX 70Bull 3 p 1(6s6p) a=-1094.35 3 

b=-826.5920 

;~'Yb DR 70WaO? 'P,:'I,.'I, 4697.91630 a=-1094.318 35 

'/ 2 .' I, 1496.414 75 b=-825.90485 

;;'Lu LX ?OCaIS '03/2 For g j"0.80 a=-1313.3450 

b=-455.8 12 

'F 5i' alg .r= +35 I. B64 56 

big j"+3444.2 19 

~~lmTa lIns ±,3.30t 12 LX 70Li16 Hf crystal w=152 5MHz for 

H=24.2kC 

~Observed by time differential 
I perturbed angular correlations 

J:' Au ± l.04 b LX 69ColO 6'P3/2 a= 14.05 

±O.57t b=327.6 6 

b/a=+23.4 8 

tFrom b and fine structure 
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Table II: Nuclear Moments by Optical Double Resonance and Pumpin~ Techniqucs- Con. 

i 
Method Atomic Slate I tl,,(F,F') Interaction Nucleus 1'1/' I J.L Q 

Refer. F,r Constants 

~~'Hg B.Bs 1/2 +0.5IB i t 9 OP 728009 "P, i a~ 15300 700 i 

720103 :tAlso measured by NMR/f3AO on 

ground state 

!~'Hg 50s 1/2 +0.504 i t 4 OP 728009 'PI a~ 14900400 

720103 tAlso measured by NMR/f3AO on 

ground state 

~~7Hg 204m 3/2 -0.586 i ' 6 -0.3" II OP 720103 

718031 

!~3Hg 611 3/2 -0.627~ 2 LX 65Rel8 3p, a~-6133 ]5 

!~3Hg 611 ±0.62364· 34 OP 70M040 6'So 

!~3Hg 6h -0.77" OP 71Fu18 'PI (a~-6133 /5) 

b~+477 182 

!~3mHg llh ±1.063' I LX 65SmOl 'PI a~-2399.69 6 

b~-725 90 

!~3mHg Ilh :!:1.0517" 6 or 70Mo40 6'So 
!~3mHg 1111 -1.0518"5 OP 71Re23 VIV'99~ 

0.16094]]" 5 

!:'Hg 9.5h ±0.:;381 3 , OP 64WaOl J1. '9>IJ1. 
199 
~ 

! 1.070356 66 

!:'Hg 9.511 :!:0.5389' 3 LX 65SmOl 3PI a~15813.46 23 

a I"/a 199 
= 

1.071927 15 

!~'mHg 4011 13{2 :!: 1.049' 1 LX 65SmOl 'p I a=-2368.04 8 

b~ -782,45 86 

!:SmHg 40h ± 1.0380' 5 or 70M040 6'So 
!~.mHg 4011 -1.0381" 5 OP 71Re23 vlv '99 ~ 

o 15884544 

!:'Hg 65h 1/2 ±0.525' I DR 59M81 3p I a=1540530 

!:'Hg 65h ±0.5243· 3 LX 61Hi16 'p I a~153B7.1 53 

!~7Hg 6511 ±0.5241 2 OP 62Wa07 ,... '97/ J1. '9'1 -

1.042479 15 

!:7Hg 6511 ±0.5245' 3 DR 63Stl5 3p ,:'/" 'I, 23086.37 10 a= 15392.66' 15 
197mH 
80 g 24h -1.032'8 DR 61Br17 3p,:"I,,"i, (18248:1: Il) a=-232B.B9 84 

"I" "l, 14234.86 9 b=-902.954 

tCalculatecl from data of Hirsch 

~~7mHg 2411 -1.0316' 10 ±1.61 13 DR 61Hil6 3p ,: 15/,,131, 18246 14 a~-2328.8 17 

13/" "l, 14236 20 h=-901 13 

!~7mHg 2411 ± 1.0211 P 6 OP 70Mo40 

!: 7m
Hg 2411 -1.0212' 5 OP 71Re23 vlv ,99-

0.1562657 3 

~~9Hg DR 59P33 6'F ,:"/" '/, 5BOO 100 

!~'Hg +0.50270 24 OP 61Ca21 'SO ,...'99I,...('H)~ 

+0.1782706 3 

~:9Hg LX 61Hil6 'P, a~14750.7 50 

~~'Hg DR 63S115 3p , :3/" 'I, 22128.56 10 a=14754.04' 14 

!~9mHg 43m 1312 ! - 1.00832' 5 OP 7lRe23 vlv 199 
= 

0./542921 5 

!~9"Hg 43m LX 71Re24 6'P, a=-2298.7·:j: 4 

tAssumed b~-900 300 

!: 9m
Hg 43m +2.0 i·I3 OP 720103 

!~'Hg ±0.58 18 DR 58S40 'P, a~5441 15 

i b=-35 2 

~~'Hg I DR 59P33 6 3F,:"/,,9/ , 286050 

I 91" '/, 234050 

'1,:1, 182050 
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Table H: Nuclear Moments by Optical Double Resonance and Pumping Techniques- Con. 

Nucleus I 1"/2 

;~'Hg 

'O'H 
80 g 

~~'Hg 

!~3Hg 47d 

~~3Hg 47d 

~~'Hg 5.5m 

;~3Tl and 

;~'TI 

;~'TI and 

~~;Tl 

!~7Pb 
;~7Pb 

;~7Pb 

Q 

-0.55671 27 

-0.55670 27 

±0.84364 

+0.850' 9 +0.40 1 4 

l/2 +0.5968 i ' 5 

,,0.5783 7 

:+:0.57810:1: 29 

• Polarization or Sternheimer correction included 

• Calculated from the Ll.V- or a-ratio for two isotopes 

b Calculated from bla 

Recalculation of earlier data 

Method Atomic State 

Refer. F,F' 

OP 61Ca21 'So 

DR 61Ko5 3p,,'/,,3!, 

'I"~ 'I, 
DR 63Lel8 

OP 70Ki05 6'So 

LX 70Rel4 3p 1 

OP 720103 

LX 69Zi02 6'0 31, 

LX 70Zi07 

LX 665a09 'P, 
OP 69GiO:~ 'Po 
01' 69Gi04 'Po 

72Gi20 

d No diamagnetic correction added. Unsure if authors already corrected for it 

Enriched sample used 

! Corrected for second order perturbations of neighboring levels 

• Extrapolated to zero intensity 

b Extrapolated to zero power 

, Extrapolated to zero pressure 

i Resonance observed by depolarization of polarized nuclei 

Ll.v(F.F') 

13986.557 8 

7551.613 13 

Interaction 

Constants 

p. 'O'/p.('H)= 
-0.19741989 

a=-5454.569 3 

b=-280.107 5 
p. 201/p.'99= 

-·1.1074164 5 
,,'Ol//.'= 
1.09984 18 

a=4991.35 3 

b=-249.23 

a=422 

(H=O.121 

al{3>O 

tStark coefficient in 

MHz/(kV /ern)' 

For g .F0.8 a=55 1 

(3t=O.20 4 

a/f3>O 

tStark coefficient in 

MHz/(kVlcm)' 

I 
a=8BII 17 

v/v.=0.20502 22 

VIV(199Hg)= 

1.I4960 4 

Wsing p.!:: =+0.497B56 5. 61Ca21 

Large discrepancy with NMR-value 

may be due to large interaction 

of 3p ,-state wilh 3p o-state 

• Calculated using a '99= 14754.0 I [63St 15] and the uncorrected 1L(,99Hg)=+0.497B56 5 from Cagnac [61Ca21] 

I Calculated from the b-ratio for two isotopes 

.. Metastable or excited state 

P Preliminary value from meeting abstract, thesis, private communication, etc. 
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Table J: Nuclear Moments by Nuclear 
Orientation, Perturbed Angular Correlation 

and Nuclear Specific Heat Measurements 

Introduction 

Nuclear moment values obtained by nuclear 
orientation, perturbed angluar correlation and nuclear 
specific heat measurements are collected In this 
table. The last systematic literature search for the 
data included was done in early 1972. A brief review 
of the techniques follows. 

Nuclear Orientation: 

If a sample of nuclei IS unoriented, the spatial 
distribution of radiation emitted by the sample is 
isotropic. If the nuclei can be oriented in some 
manner, the radiation IS frequently no longer 

isotropic. The actual distribution depends on the type 
of radiation (a, f3, or y's), the degree of orientation of 

the nuclei, the spins of the initial and final states as 
well as the angular momentum, L, carried off by the 

radiation. The term "oriented" is used to indicate 
that the 2/+ 1 nuclear magnetic substates, m z, are 

unequally populated. If the pairs of substates with 

the same m z but opposite signs, +m z and -m z, have 
equal populations, the nuclei are said to be aligned. 
If they have unequal populations, the nuclei are said 
to be polarized. 

The angular distribution of the radiation emitted by 
an ensemble of nuclei, with spin I., can be written in 
terms of Legendre polynomials as: 

W(8) 

kmn 

l: B cF .P .(cos 0) 
k=O 

(1) 

where k m .. is the smaller of 210 and 2L. (J is the angle 
between some fixed axis, z, and the direction of 

propagation of the radiation. The B k are orientation 

parameters which depend on the relative populations 
of the substates of I •. The F k are angular correlation 
functions which depend on the spins 1

0
, I( and on L 

of the transition. For radiation other than y's, 
"particle parameters", b., must be included in the 
expansion. For a's and unpolarized y'5, in general, 
only even k occur. Odd k can be present for f3-decay 
and polarized y's. 

To be oriented at low temperature, the nuclei must 
have a lifetime long enough 50 that they can be 

incorporated in a suitable material. M 08t ')I-emitting 
states, with the exception of a few isomers, have very 
short lifetimes. However, many radioactive nuclei 

which decay by a- or ,a-emission or K-capture have 

long lifetimes and the angular distribution of the l' or 
y's following the decay can be measured. The degree 
of orientation of the y-emitting state can be 
calculated from that of the oriented nucleus if the 

spins of the preceding states and the angular 
momenta carried off by and mixtures of all preceding 
radiations are known. Such calculations assume that 
the intermediate state half-lives are short so that 
there are no perturbations acting to change the 
populations of the states. If this is true, the angular 
distribution in (1) can be replaced by: 

where each U .(a) is a function of the nuclear spins 

and angular momentum for the a th unobserved 
transition preceding the observed one. k m .. is the 

smaller of 2/., 21., 2/n , 2L., 2L •. If any of the spins 
I. through I. is 0 or 1/2, the angular distribution 
becomes isotropic. 

For an assembly of atoms at thermal equilibrium, 

the population of any level, m, is proportional to the 
exp[-£ mlkT]. If the differences in the energies of the 

levels are small with respect to kT, the populations 

will be approximately equal. However, if the 
separation between levels can be made the order of 
kT, either by increasing the interaction energy and/or 
decreasing T, the nuclei can be oriented. For a 

discussion of several methods for producing oriented 
nuclei at low temperatures, see [65DalO] or [65De31]. 

Originally paramagnetic salts, incorporating the 
nucleus under investigation, were cooled to very low 
temperatures by adiabatic demagnetization. The 
nuclei were oriented by the hyperfine interaction of 

external or internal fields with the nuclear or 
electronic moments. The "brute force" method of 
orientation making use of the direct interaction of the 
nuclear magnetic moment was originally suggested by 
Gorter [34GoOI] as a means of possibly further 

lowering temperatures. More recently, orientation 
experiments have been done on nuclei imbedded as 
dilute impurities in ferromagnetic metals and 

antiferromagnetic crystals, taking advantage of the 
very large fields present at the impurity sites. These 
materials are usually cooled"by thermal contact with 
paramagnetic salts at very low temperatures. 

The material chosen for cooling must fit certain 
requirements. It must have a large specific heat so 
that it will not warm up rapidly after being cooled. It 
must he able to be cooled to a very low temperature 
and it must be possible to determine its temperature. 
A large number of the earlier orientation experiments 

were done on nuclei in the following classes of salts 
since many had been thoroughly investigated and 

their properties well known; see [61Hu20]: 

Tutton salts: 
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Two of these, cerium magnesium nitrate, CMN, and 

neodymium ethyl sulphate, NES, have been used for 
very many moment determinations. Around ]965, it 

was observed by the Berkeley group [65Frl9], 
[66BI17] that the temperature dependence of 

y-anisotropies of CMN and NES showed sharp 

discontinuities below ~O.003°K. They felt these could 

only be satisfactorily explained by assuming that the 

earlier temperature scales for these materials were 

based on properties that were no! sensitive enough to 
the temperature below ~O.003°K. It appeared that 

the temperatures actually reached were much lower 

than those given by the magnetic temperature 

relationship. For this reason, very low temperature 
measurements done with these salts prior to 1965 are 

suspect. 

In order to determine nuclear moments, a material, 

whose low temperature properties are known, IS 

chosen for the nuclear environment. It is cooled, the 

nuclei oriented, and the y-intensity or the 

y-anisotropy, E, 

(3) 

IS measured as a function of the temperature. The 

resulting curve is then fit by adjusting the values of 

the interaction constants on which the orientation 

parameters, B k' depend. The anisotropy or intensity 
also depends upon the values chosen for the spins of 

all nuclear levels involved and on the angular 
momenta of the transitions through the U.- and F.
terms in (2). In order to determine the degree of 

orientation of the nuclei, the temperature at the 

nucleus must be known. Frequently a reference 
nucleus, such as 60Co or 54Mn with well-known 

orientation parameters, can be incorporated into the 
sample to act as a thermometer. The distribution of 

the reference nuclei should be similar to that of the 

nuclei under consideration to minimize differences 

due to local warming. 
The advantages of measuring nuclear moments by 

nuclear orientation stem from the fact that one is 

counting a single tranSItIon, rather than coinci· 
dences, so that sufficient data can be obtained in 
reasonable times with very dilute samples. However, 

the nucleus must have a lifetime of the order of hours 

and a sufficiently large f..t or Q in order to be 
oriented. Temperatures below ~O.OloK are 

necessary. 
The accuracy of such measurements is not very 

great. The magnetic moment can be determined to 
about 10%. A more recent development combines 
NMR techniques with low temperature orientation 
and leads to moments which can be determined to 
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about 0.1%. In these experiments the NMR 

frequency is observed by the destruction of the 
orientation at resonance. A short review of this 
technique can be found in [68Sh25]. 

Measurements of the y-anisotfoPY do not yield the 
sign of the magnetic moment, but the sign can be 
determined from a !!leasurement of the y-ray 

circular polarization or .a-asymmetry since these 
depend on the polarization of the nucleus and involve 

the odd k terms in (I) as well as the even ones. 

The major difficulties encountered in orientation 
experiments have to do with: 

1) the knowledge of the temperature at the nuclei. 
There can be heat leaks, local warm-up due to 

radiation, and difficulties 1Il measuring the 
temperatures accurately; 

2) the presence of perturbations acting on the 

nuclei during the finite lifetimes of the 

intermediate levels. These cause changes in the 
relative populations of the levels. 

For more complete discussions of nuclear 

orientation and the measurement of nuclear moments 

using oriented nuclei, see [57BI04], [65DalO] or 

[65De3IJ. Nuclear Orientation edited by M. E. Rose 

[63R033] is a handy collection of early journal papers 

and some review articles on this subject. Discussions 

of more recent techniques and problems can be 

found In the proceedings of several recent 

conferences on hyperfine interactions, for example, 

see [71St46J. 

Nuclear Specific Heat: 

A few moments have been determined from 

measurements of the specific heat at very low 
temperatures. The specific heat, C p, of a system can 

be expressed as a sum: 

(4) 

C I. is the lattice contribution to the specific heat. For 

temperatures well below the Debye temperature, i.e. 
T<8/50, it is given by: C L=AT 3

, where A is a 
constant. C E, the electronic specific heat, the 

contribution due to the conduction electrons, is given 

by C E=yT, a relation which holds up to about 

100ooK. eM, the magnetic specific heat which is due 
to the exchange interaction of the local electronic 
spins of neighboring ions, does not contribute to the 
total specific heat at very low temperatures of the 
order of 10 K. The nuclear specific heat, eN' depends 
on the energies of the 2/+ 1 levels of the different 
orientations of the nucleus with respect to the 
effective fields. From statistical mechanics it can be 
shown that: 
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C N= [RI(klYl(~ [H~ - HJ1d exp[-(H, + Hj)lkTJ) 
'! 

x(~ exp[-(H; + H;)lk1])-J (5) 
'J 

where Hi' H j are the energies of levels i, j. In terms 
of effective magnetic and quadrupole interaction 
constants, A' and P', the energy can be written as: 

H m = A'm + p'r m 2 
- l(l + 1)/3] (6) 

for m==-I,-1+1, ... +1. 
To· carry out such experiments, samples of 

ferromagnetic or antiferromagnetic metals or alloys 
are thermally isolated as well as possible after being 

cooled to temperatures below 10 K. The samples are 
then heated electrically and the temperature 
measured. If the specific heat can be measured over 
a range of about 0.4 to 4°K, it may be possible to 
obtain eN and the interaction constants from the 

temperature dependence of the specific heat. Above 

abou t 10 K, eN can be neglected and eLand eli 
separated by plotting C pIT vs T2. The contributions 
of eLand C Ii can be subtracted from the data below 
l"K to determine eN, which dominates in this region. 

These measurements require samples of great purity 
and very reliable thermometry. Since gram quantities 
are needed and only average properties for the 
natural isotopic abundances of the elements are 
measured, this method has not been used for moment 
measurements except for the few cases of the 

monoisotopic rare earths. 
A revIew of the determination of interaction 

constants from nuclear specific heat measurements 

can be found in [67LoI2]. 

Perturbed Angular Correlation: 

In the absence of perturbing electric or magnetic 

fields, the angular correlation of two successive 
radiations can be expressed in terms of the Legendre 

polynomials, as: 

kmu 

W(IJ) = I A 1(1) A 1(2) P k(cOS 8) (7) 
1."=0 

where (J is the angle between them and the A k (j) are 
coefficients which depend on the angular momentum, 
L j , carried off by the jth transition, on the spins of 
the nuclear levels involved, Ii' I"(see figure 1) and on 
the kind of radiation, a, {3, y, or e-[53BilO]. kmax is 
the mInimum of 2/, 2L 1 , 2L z. In a simplified 
description, the observation of the first radiation 
choses a particular direction in space or quantization 
axis. The relative populations of the sublevels of the 

intermediate state depend on the type of radiation 

I· I 

'Y 1 (L, ) 
a. 

Im 
Ii 

'Ym (Lm l 
In2 

'Y ,(L,) 
'Y n'2 (L nz ) 

In 1m 

'Y 2(Lz) 'Y 2 (L21 
It If 

b. C. 

FJ(;UHE I u. Scheme for the detection of the currelation of y, and 

y,. D I and D, are the deleetor, for 'Y' and y" respec

tivt·jy. 

b. Decay SChelllE for tbe emission "r two successive is. 
c. Decay scheme for the emission of 'Y's in a multiple 

case'ade. 

The L; represent the angular mol1wnta carried off in 

each Iransil ion: the 'I. lIlt' spins of IhE' nuclear levels. 

and the spins of the levels, I" In. The angular 
distribution of the second radiation with respect to 
the first is then a function of the angular momentum 
carried off, L 2 , the spin of the level, In, and the 
population distribution in the intermediate state, 
which remains unchanged if, during the lifetime, T, of 

the intermediate state, there have been no perturbing 
interactions. For the observation of the correlation of 
Y I and Y2 in a multiple cascade (see figure I c), a 

more general form of (7) can be written: 

W(8) = 

kmu 

I A k~ k(COS () 
k=O 

or 
km .. 

1 + IbN cosN() 
N=2 

(8) 

where the A u are products of functions of 1) the level 

spins, the angular momentum and the mixing ratio 
for each of the observed radiations and 2) the level 

spins for the intervening unobserved radiations in the 

cascade. k m .. is the smallest of 2LI> 2L2 and the 21 in 
the cascade. The b Nare simple algebraic functions of 

the A H in this alternate way of expressing the 
correlation. 

The possibility of perturbing the angular correlation 
by magnetic fields was first pointed out by Hamilton 
[40Ha20J. The effect of hyperfine structure and of 
applied magnetic fields on the angular correlation 

was originally calculated by Goertzel [46Go05] and 
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'Y, (L,l 

a. 

b. 

'Y,(L,) 

LIE =,un'Ho/1n 

______ ~------~In,T 

FICliHE 2~. Scheme for the ohservation of the correlation of two 

ys in a transverse mal!netic field. During the time I, 

between the emission 01'1" and 1',. the nucleus precessf'S 

through the angle w,.t. Therefore. at any ;!iven allgle 

I). the unperturbed correlation of f) w,t is observed. 

0, and D, are the deteetors for y, and y,. respectively. 

h. Decay schemp for tlw emission of two y's pprtllrbed by 
the application of an external field. HI!. which causes a 

transition hetween the suilstates of tilt' intermediate 

state durin;! its lifetime. T. 

looked for by Brady and Deutsch [50Br27], but the 

primitive counting techniques available at that time 

made it impossible to observe any perturbation. In a 

semiclassical description, the interactions of the 

nuclear moments with perturbing magnetic or electric 

fields cause the nuclei to precess during the lifetime 

of the intermediate state. This results in a change in 

the angular distribution of the second radiation with 

respect to the first. A schematic representation of 

this is shown in figure 2. The nucleus decays to a 

particular sublevel of the intermediate state by the 
emission of the first radiation. The magnetic or 

electric interaction with the perturbing fields causes 

a transition between the sublevels of the intermediate 
state which is then followed by the emission of the 
second radiation. In the presence of perturbing 

fields, the angular correlation can be expressed in 
terms of the unperturbed correlation coefficients and 

the spherical harmonics for each radiation: 

1 A ~1(1) A 1<2(2) G(k,k 2 J.L1J.L2 l ) 
k ,k 2iJ.,iJ.2 

X Y~:(nl) Y*~i(n2) (9) 

For the exact form of the attenuation factors, 

G(k1k2J.L1J.L2t), for many kinds of static and time
dependent perturbations, including mixed electric 

and magnetic interactions, see [65Fr20] or [64St29], 

which are essentially equivalent papers, [64AI32], or 

[53AbI5]. A few specific examples, for frequently 

encountered situations, are given below. 

In the absence of any other perturbations, the 

application of a static magnetic field causes, in 

general, both an attenuation of the angular 
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correlation as well as a rotation of the observed 

pattern. For the special case in which the external 

field, H, is perpendicular to the direction of emission 

of the observed y's, the perturbed angular 

correlation, PAC, has a particularly simple form: 

or 

k max 

1 A k/,P/, [ cos (fJ - Wit)] 
i.'~O 

k!l:lU 
1+ 1 bNcosN(IJ-w,t) 

N=2 

(10) 

where WL =21TgJ.LNH/h is the Larmor precessional 

frequency, the A H or b N are the unperturbed 

correlation functions and ( is the time between the 

observation of the two gammas. It is assumed that 

the detectors can distinguish between the gammas. If 
the direction of the magnetic field at the nucleus is 

known, the sign of the magnetic moment can be 
determined from the direction of rotation of the 

correlation. If additional perturbations are present, 

these must be taken into account. In order to reduce 

the effect of any time-dependent auadrupole 

interactions, dilute solutions or liquid metals are 

frequently employed. In such sources, if the 

correlation time, T c' is small com pared to the 

observation time or lifetime and if wLTc«l, the 

effect of such perturbations is to multiply each term 

in (10) by an attenuation factor, G .=exp(-A ~t), where 
A 1 is the relaxation constant for the interaction. 

For static quadrupole interactions, the attenuation 

factors of equation (9) cannot be expanded in terms 

of a single parameter 'k' as was possible in the 
magnetic case. However, for an axially symmetric 

field, they can be expressed in terms of W o ' the 
smallest non-vanishing quadrupole frequency, where 

w. = 3w Q or 6w Q' for 1 in teger or half -integer*, 
respectively, with W Q=-- 21T(eqQ/4hI) X(2/-1 )-1. Then 

n mu 

with n = Im 2-m'21 for integer 1 and (l/2)lm 2 -m,zl* for 

half-integer I. For a non-vanishing quadrupole 

perturbation, k m .. must be greater than or equal to 4. 

For randomly-oriented static fields, for example, 

for powdered crystalline sources, the angular 

correlation can be written as: 

W(O) = 1 + (12) 

.. Note ti1e'l>e corrections to th~ corresponding cxpres~ions given in {6SFr201 or 16451291· 
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The form of the correlation does not change; 
however, the coefficients of the P .(cosO) are reduced. 
Since there are always some nuclei in the sample 
aligned along the direction of observation of one of 
the counters, there is a lower limit to the attenuation 
factors. For axially-symmetric fields, this lower limit 
or "hard-core" value is G H = 1/(2k + 1). If the 
perturbing fields are randomly-fluctuating, the 
correlation can be destroyed. 

The many kinds of PAC experiments for the 
measurement of magnetic moments can be divided 
into two major classifications: (1) the time-integrated 
methods, with observation times longer than the 
lifetime of the intermediate state, which yield values 
of WLT; and (2) the differential methods which 
determine WL directly. Because of the great variety of 
these experiments, only a brief discussion of a few 
representative techniques will be given. For more 
detailed information on the many modifications and 
variations, the reader is referred to the review 
articles by Frauenfelder [6SFr20], or Grodzins 
[68Gr31]. 

From equation (10), it can be seen that a 
measurement of the correlation as a function of delay 
time for a constant value of H, or as a function of H 
at a constant delay time yields WL, and therefore g, 
directly from the period of oscillation, T, of the 
correlation. A more sensitive measure of the period can 
be obtained by observing the correlation at some fixed 
angle for field up (W 1. t ) and down (W L ~ ) and plot
ting the ratio, R = W.L t /W.L ~ ,as a function of tor H, 
respectively. If the resolution time, To, is small, To < < T 

and To < < T, g may be obtained from the period of 
oscillation of R through the relation: 

(13) 

R is independent of the decay of the source and the 
period of R is not greatly affected by small time-depen
dent perturbations. 

If kmax = 4, the ratio, 

at e = 371"/4, is also an oscillating function of the delay 

time of the form: A(sin 2w Lt)/(B-C cos 4WLt) 
with period also given by (13). A, B, and C represent 
functions of the A kk. The presence of small time
dependent perturbations does not much alter the 
period of r from which g is calculated, although it 
does cause the amplitudes of the oscillations to 
decrease with an increase in delay time. 

Differential techniques have been used to 
determine moments of states with lifetimes of the 
order of 10-3 to 10-9 seconds. 

For time-integrated measurements, IP AC, the 
expression for the correlation is obtained by 
averaging equation (9) over the observation time (zero 

delay time and infinite resolving time). Equation (10) 
then becomes: 

kmax 

W (O,H) = 1 + :£ (b NI[l + (NWL T)2pI2) 
1. .V=2 

x cos N«(J + ilO) (I5) 

where !::t.(J = (lIN) tan-I(NwLT). In this case, both an 
attenuation and a rotation of the correlation are 
observed. For small WLT, !::t.(J-WLT. In the presence of 
time-dependent quadrupole perturbations, the 

precession angle, NWLT, and the correlation 
coefficients are both reduced by an attenuation 
factor, which, for WLT« I, is (G k) ... = 1/(1 + A aT). 

In the early experiments, the entire correlation was 
obtained with and without an external field and the 
rotation, from which g can be calculated, was 
measured. As in the case of DPAC, more sensitive 
measurements for smaH rotations, wLT«I, can be 
made by measuring the r coincidences at a constant 
angle for field up and field down. The ratio, 

r(oo)=2[W-L( t ) -W1.( ~ )]/[WJ t )+W-L( t )], 
(16) 

IS approximately 4bz(G2)aveWJ.T for kmax =2 and ()= 
371"/4 or 77T/4. The product b 2 (G 2 ) •• e can be 
determined from the zero field correlation for the 
particular source used. A measurement of r then yields 
W[.T. Anolhei\ useful ratio for the determination of g, 

again for WLT < < 1, is: 

y(oo) = [WL (71"/4) - Wi (371"/4) ]/[W 1. (71") - W1. (71"/2)] 

(17) 

which is approximately 2(G 2 )ave WLT if b4 < < b2 • The 
slope of Y VB H yields g if (G2) •• e is known. 

If the detectors, in 'Y'Y measurements, cannot 
distinguish between the two gammas, only an 
attenuation is observed and equation (15) becomes: 

that is, the unperturbed correlation is attenuated by 
the factor [l + (NWL T)2rl. 

All integral methods yield the product W L T; 

therefore, the value obtained for the magnetic 
moment depends upon knowledge of the lifetime of 
the intermediate state. The values of IJ. appearing in 
the accompanying table have been corrected for 
newer values of the lifetimes. However, the 
uncertainty in the lifetime has not been taken into 
account since most of the measurements are not 
accurate enough to warrant such treatment. 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Integral measurements have been made for states 
with lifetimes of the order of 10-7 to about 10-12 

seconds. The upper limit is set by the number of 

accidental coincidences which are accepted; the 

lower, by the magnetic fields available. 

Since other unknown perturbations may contribute 
to the attenuation of the correlation, attenuation 
measurements are much less reliable for the 

determination of moments than those of the rotation 

of the correlation. Further, the sign cannot be 
ascertained from the attenuation factors. 

In order to extend PAC measurements to a wider 

range of states than are accessible with normal 
radioactive decay products, nuclear reactions and 

scattering experiments with pulsed beams have been 

used. The reaction orients the nucleus by preferen· 
tially populating sublevels of the excited state and the 
perturbed angular distribution, PAD, of the gamma

decay can be measured by integral or differential 

methods, using pulse repetition times greater than 
the lifetime of the state. Such techniques have been 
used for measurements on states with lifetimes of the 
order of milliseconds to nanoseconds. 

The recent stroboscopic measurements [70Ch05] 

make use of a pulsed beam with a repetition time 
smaller than the lifetime of the intermediate state, 

T. < <T. For such an experiment, the counting rate at 
a time l after the pulse burst is given by the sum of 
intensities of the contributions of all previous bursts. 
For the observation of the gamma in a transverse 
field, neglecting other perturbations, the intensity can 

be written as: 

00 

l(y) 

2m1T or (2m-l)1T, respectively, 

for m = 0, I, 2, ... 

The stroboscopic method has been used for states 

with lifetimes from milliseconds to about 0.1 
microseconds. 

To measure the moments of very short-lived states 

by PAD, nuclei have been implanted by Coulomb 
excitation (IMP AC) or im bedded in ferromagnetic and 
paramagnetic materials to make use of the very large 

internal fields known to exist at impurity sites. One 
of the major difficulties in these experiments is 
knowledge of the magnetic fields perturbing the 

nucleus. The past history of the source and its 
treatment can cause wide variations in the fields 
present. The recoil of the nucleus can displace it 
from its regular position in the lattice. If the lifetimes 
are very short, of the order of picoseconds, the 
transient fields acting on the nucleus as it is slowing 
down become important. Some estimate of these 
effects can be made using states with "known" 
moments. For the particular case of the magnetic 

moments of the Pt and Os excited states, measured 
using Ir-Fe alloys, great variations have been 
observed which cannot be explained, suggesting that 
the Jr-Fe alloys are unsuitable for moment 
measurements [71Ki13]. 

Perturbed angular correlation has been a useful 
technique for the measurement of moments of a very 
large number of states which are not accessible by 
standard resonance or spectroscopic methods, that is, 

(19) 

_ c- 'IT ! 
k even 

b.[ COS k«(J-wLt) - exp[-Tofr] cos k«(J-wL(I-To ))] 

[ 1 - 2exp[-To/T] cos kWLTo - exp[-2To/T]] 

Here To is the repetItIOn time of the beam pulses; [, 
the delay time or observation time of the gamma after 
the pulse-burst; and the A I; are the correlation 

functions for the reaction product and the gamma. 
The contributions of different bursts will add con

structively if the condition: 

2n1T for some n ], 2, ... (20) 

IS satisfied. Thus, for a given To, the counting rate 
will show resonances at values of Ho =' nh/kg/-tNTo' 
For k m .. =2 and values of H=Ilo, the maximum or 
minimum of the correlation may be observed by 

choosing (J ° and 10 to satisfy the relation: 
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those states with lifetimes between about 10-3 and 
10-12 seconds. However, there are several problems 
associated with this kind of experiment. For a non
isotropic angular correlation, the states involved must 
have spins greater than or equal to 1. This means 
that, in studying magnetic moments, the quadrupole 
interaction cannot easily be eliminated as is possible 
in many spectroscopic or resonance experiments 

where atomic states with J = 1/2 or 0 are used. 
However, by proper choice of sources, it is often 
possible to reduce the quadrupole interactions. Since 
PAC experiments involve the decay of radioactive 
nuclei, the atom can be left in highly excited states. 
This is especially true following K-capture or alpha
decay_ If the nuclear lifetime is very short, the 
environment may not have reached equilibrium 
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before the emission of the second radiation and the 

perturbations acting on the nucleus are not 

completely known. 

time-resolution, counter-efficiencies, geometry, 
accidental coincidences and the effects of other 

coincidences which may have been present, must all 

be taken into account In the evaluation of the 
moments. A discussion of the treatment of the raw 

data appears in Frauenfelder and Steffen's paper 

[65Fr20], p1188. 

In PAC experiments, as with all determinations of 

j.t, the magnetic field at the nucleus must be known. 

For many of the measurements, the values of j.t are 

determined only to about 5-10% and therefore the 

diamagnetic and Knight-shift corrections, which are 

less than 1- 2% even for the heaviest atoms, are not 

important. However, for transition elements, the 
rare-earths, and the transuranic elements, paramag

netic corrections must be made for the large fields 
caused by the unfilled inner electron-shells. A table 

of correction factors, {3, for rare-earth IOns for 

temperatures of 50° to 20000K can be found in 

[64Gu06]. 

General discussions of perturbed angular 

correlations can be found in the many papers already 
cited. There are also several reviews on particular 
methods in Hyperfine Interactions [67Frl5]. 

Discussions of some of the newer techniques and 

problems can be found in the proceedings of several 
of the recent international conferences, for example, 
those at Asilomar, 1967 [68Ma56J; Delft, 1970 

[71 Va39J; Rehovot, 1970 [71G039J; and Osaka, 1972 

[72Pr21]. In an actual angular correlation experiment the 

Nucleus 

Level 

I 

Q 

Refer. 

Explanation of Table J 

Chemical symbol with Z- and A-number 

Energy, in ke V, of the level for which information is given 
Ground state levels are indicated by gs. 

Half-life of the level 
The value quoted is taken from Table of Nuclear Half-lives [68Ma491, Nuclear Data Sheets 

(through Volume B5), Table of Isotopes [67LeHo l. or it is the value used in the referenced 
article. 

Nuclear spin, III units of h/27T, used to obtain j.t from the deduced g-value 

Values enclosed in ( )'s have been determined by resonance or spectroscopic techniques. 

Values enclosed in [ )'S have been inferred from decay characteristics 

Nuclear magnetic dipole moment, in nuclear magnetons 

The values of j.t obtained by Integral Perturbed Angular Correlations or Attenuated Angular 

Correlations, which are derived from the measurement of WT, have been corrected to the 

value of Tl/2 quoted unless otherwise indicated by an "a". 

In general, values of j.t determined by these techniques are not accurate enough to warrant 

the application of a diamagnetic correction. Those marked by "d" have had a diamagnetic 

correction included. 

Nuclear electric quadrupole moment, in barns, as given by the experimenter 

Those values marked by an asterisk, *, indicate that the experimenter has made some 

polarization or Sternheimer correction in computing the moment. 

Reference key n urn ber 
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Method 

Measured 

Quantity 

Environment 

and 

Comments 

GLADYS H. fULLER 

Codes used to designate the specific techniques are: 

AAC attenuation of the angular correlation 

BAO, BAP ,a-asymmetry from oriented, polarized nuclei 

CDPAC constant delay perturbed angular correlation 

DAAC time differential attenuated angular correlation 

DP AC, DPAD time differential perturbed angular correlation, distribution 
GAO, GAP y-anisotropy from oriented, polarized nuclei 

IMPAC perturbed angular correlation following implantation 
IP AC, IP AD integral perturbed angular correlation, distribution 

NMR nuclear magnetic resonance 

NRF nuclear resonance fluorescence 

PAC, PAD perturbed angular correlation, distribution 

SpHt nuclear specific heat 

Strob stroboscopic perturbed angular correlation 

SE spin exchange 
aAO a-anisotropy from oriented nuclei 

Measured quantities from which the moments are derived 

Units quoted are as given or as determined from graphs or data presented. There has been a 

confusion in the units quoted for precessional frequencies in many papers (an interchange of 
Hz and rad./s). We have tried to correct these, but we include a footnote to the author's 
quoted unit. 

Nature of materials used; magnetic fields (external or internal); assumptions made; comments 
If there are a series of values for a respective series of conditions, the values and conditions 

are set off by similar punctuation. 

The notation (l85y)(89y) represents coincidences between the 185ke V y and the 89ke V y. 
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Table J: Nuclear Moments by 
Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat 

Nucleus Level TI/2 f IL Q Refer. Method Measured Quantity Environment & Comments 

~Li 0.85s (2) ± 1.6532 d 8 59Co68 BAP-
I 

11=3.413 J MHz 'LiF(polarized n,y) gs 

NMR Ho=5418 J G 

~Li gs ,0.S5s (2) positive 62CoOS BAP- I'LiF(polarized n,y) 

I 

NMR tCompared Zeeman level transition rates for 

two senses of circularly polarized rf fields. 

~Li gs 0.S5s (2) :!:1.6532 d 8 67Gu14 BAP- v=2.0570 7 MHz I'LiF(POlarized n;y) 

NMR H =3.2649 4kG 
, 0 :Li gs 0.85s (2) :!:1.65362 P 22, 71Ha67 BAP- ! 'Li(d,p) recoils in AU,Pl,Pd 

:!:1.65288 P 20, NMH i foils 

±1.65270· 30 I 
~Li g. 0.855 2 :!: 1.653 710104 BAP-SE 

:B gs 770ms [2] ± 1.03551 d. 25 72Mil9 BAP- 6 Li(3H e,n) recoils in 

NMR Pt foil. 
;oB 

1

720 1690ps [l] +0.6312 72AvOI IPAC "Be on Au(p, ); 

H.=17.6kG 
;'B gs 120.4ms (1) + 1.003 J 67Su03 BAP- II oil.' .t= "B(d,p) recoils in Cu;Pt;Au 

6SSu05 NMR 1.7964132, foils. H 0 measured by proton 

1. 79637 39; resonance. IL (uncorrected 

I 
1. 79510 25, for (T + K) 

1. 79526 29; =1.0033715; 1.0027011; 
, 

1. 79639 22 1.00337 12 

+Includes correction of 25.6 ppm for prolon 

resonance in H 20 I 
~2B gs 20.4msi (I) ±0.97631 6SPf03 DPAD "B(d,p)poiarized 12B 

: : 70Wil7 recoils in Au, Pd; H.= 1 

IgS 

8.24 to 15.95G 

;'B 20.4ms 1 ±0.017~2 70Su04 BAP- eqQ= 154 16 kHz; TiB,; ZrB, 
1 71Mi06 NMR 495kHz 

Q12/Q"=± 0.424 

~Used Q"=+0.040~5 26 (70Ne21) 
;'B gs 20.4ms (1) + 1.002S5t~:; 70Wil7 BAP- IL= 1.00336 8; ! "B(d,p) recoils in Au;Cu; 

NMR 1.00324 6; , Pd;Pt;values uncorrected for 

1.00253 5; Knight shift; H 0 measured 

1.00261 6 by pro Ion resonance. 

Hncludes Knight shift estimated from spin 

relaxation times. 

+0.0308 BAP- eqQ=59 15kHz " B(d,p)recoils in Be foils; 

NMR compared with values for Be; 

used yoo(B")=-0.145 

~'B gs 20.4ms (I) =0.0346" 71Wi28 BAP- eqQ=54.9 6k Hz 12B im planted in Be single 

NMR crystal. 
;3B gs 19ms [3/21 ±3.17712~ 51 7lWi09 BAP- "/,,.=0 .. 37910425 "B(I,p) recoils in 

NMR Au, Pt, Pd foils. 

Hncludes eslimale of Knight shift from I2B 
~3B ga 19ms [3/2] ±0.08 72Ha68 BAP- QI2/Q I3=0.35S P 8 "B(d,p) and (I,p) recoils 

NMR eqQ 13= 1302kHz in Mg crystal 
eqQI2=46.55kHz 

i'N ga J2mB (I) +0.4571 I 68Su05 BAP- vlv.:I:=0.OSI817 23; IOB("He,n) recoils in 
, 67Su09 NMR 0.OS1850 23, AI; eu; PI; H. measured by 

I 0.081869 23; proton resonance; p. 

0.081S36 13 (uncorrected for (J' and K)= 

0.45699 13; 0.45723 10; 

0.45709 7 

Hnc!udes correclion of 25.6 ppm for 

prolon resonance in H ,0 

i'N gs 12ms H 71Mi06 BAP- IIOB(3He,n) recoils in Nb, Ta 

NMR :j:From observed quadrupole speClra 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat -- Continued 

Nucleus Level TI/2 JL 
\ 

Q Refer. Method Measured Quantity I Environment & Comments 

i4N 5830 12.4ps [3] 
I 

1.5"-'IJLI"-'2.55~ 72Be60 1 PAC "C(3 He,p) recoils in He gas 

or vacuum; used 

I 72Go06 

H i!!.c.Jc=57.3MG 

I 
~·O 1980 

I 
0.40<IJLI<0.72 "C('"O'",O'); Hcok !3.3ps [2] AAC 

=85.5MG at oxygen nucleus 

~ 'F gs [5/2] ±4. 7224 d 12 66S,,01 BAp·· v/v.=0.33797, O(d,n)reeoils in CaY,; 

NMR 0.33804 H.=5kG 

~8F 1125 J53ns [5] +2.84.0 65 67Po09 DPAD w= 16.6 3M rls (SiO on Cu)('He,p); fl. = 

[or all cascades 6.16kG 

~·F 1125 : 153n5 [5] +2.860 30 67S,,09 DPAD (CaO on Au)(,He,p); H. = 

IS.71kG 

!9F 197 89m3 [5/2] +3.694 6JFr07 DPAD LiF; CaF,; NaF(p,p') 

~9F 197 89n5 (5/2] ±O.1l 2 MSuOI DPAD v.=12.4 6MHz CIF(p,p') 

~9F 197 89ns [5/2] +3.59 2 . 67Br14 DPAD (CaF, on Cu)(p,p'); (a,a'); 

II 0 = 10465G measured 

by proton resonance 

~9F 197 89n5 15/2] ±3.60S 8 69BI18 DPAD w p/w=3.874 8 Thick CaF 2 target (p,p'); 

II .=2.5 Lo 18.8kG 

~oF gs 11s [2] +2.094 d 2 63TsOl BAp· CaF, crystal(polarized n, ); 

NMR H ,measured by proton 

resonance 

;oF gs lIs [2) ±2.093S d 9 67Gu14 BAP- 1'=2.1820 7M Hz CaF, crystal (polarized n, ) 

NMR lJ 0=2.7358 4kG 

!OF gs . 11.2s [2] :to.OM 73Ac03 BAP- eqQ=±5.77 2MHz MgF, crystal(polarized n, ); 

20 NMR QIQ'\197keV)= II .=4.35kG 

±0.1084 

:~Ne 238 17.7os [5/2] -0.7408 69BI02 DPAD w/w( '"F - 197)= CaF ,(pulsed p,n); lJ. =34kG 

-0.2054 15 

;~Na gs 408ms 2 ±0.3694· 10 710t04 BAP- ,oNe(d,2n) 

70B047 SE 

;;Na 583 243n8 [I] +0.535 10 66Su07 DPAD w=IS.6525Mr/s 210 Po in 30N HF; 

H.=61113OG 

;;Na 583 243ns [ll +0.555 17 675c09 DPAD (CaF, on Cu)(a,n) 

;:P gs 4.2s [1/2) ± I. 2349 d 3 71Sul3 BAP- JL=1.233749; (Si on Cu)(d,n) 

NMR 1.23356 3 recoils in red P; Si 

~~Ar 1610 4.6n8 [7/2] -1.33 5 71Ra22 DPAD K"Cl(pulsed p,n); H.=16.6 

\0 47kG calibrated using 

19 F(l97 level) 

~:K gs 245m. 2 ±0.547" 2 nSc35 BAP- (B'Rb + 36 Ar)(p,n) 

SE 

~~K 1380 1O.5ns [7/2) +5.23 71Ra22 DPAD (Ca on Au)(p,a); 1l.=8.2kG 

calibra ted using 

I 

'·F(l9? level) 

~!K 1290 7.308 [7/2J +4.415 69B107 DPAD (41K on Ta)(p,p'); H.=34kG; 

used g •• ( 19F -197); 1.442 3 
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Table J: Nuclear Moments by 

P-erturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level Til' I fL Q Refer. Method Measured Quantity Environment & Comments 

~~Ca .3740 41ps [3] +O.4S P t 24 70Be71 [MPAC wT=4.0 17 mr (Ca on Fe)(p,p'); H.=I kG, 

72He19 lih[=-92 6kG; neglected 

transient fields 

+II hI at Ca in doubt (718e69) 

~~Ca 4490 272ps [S] +LS5 P t 25 70Be71 IMPAC WT=S4 9 mr (Ca on Fe)(p,p'); fl.=lkG, 

72He19 li bI=-92 6kG,neglected 

transients fields 

:j:lihr at Ca in doubt (71Be69) 

~:Ca 3190 5.505 [6] -2.52 18 I 70Ma39 IPAD (KI on Pt)(a,p); lio=JO.3kG 

~~Ca 3190 5.5ns [6] -3.00' :~ 71 No06 DPAD w=-,58.0 25Mr/.:!: Ca metal(pllised ",2p); 

=-74.8:~~ Mrlsf H.=24.20 15, 31.5 3kG; 

assumed K negligible 

tUni! given as MHz 
I 

;:Sc gs 0.59s [7/2] ±S.43 dp 2 72SlIOS BAP- ""Ca(d,n)recoils in Pt foil 

NMR at 4.2'K; expect K<0.26% 

~~Sc 3123 450ns [19/2] +.'3.144:j: 19 7!Na1O DPAD Ca metal(pulsed ",p); H.= 

Strob 5.96 2.3.64 1;-7.5kG 

tAssumed K=(0.2S' 20)% 

~~Sc 69 153ns [I] +0.352 62Bel9 DPAC I TiOF solution;lio=2648; 5563G 

~~Sc 69 1,53n8 [l] +0.3426 67Ri06 DPAC w= 12.35Mr/s '"Ti in HCI; llo=7550G 

~~Sc 69 153ns [I] ±O.!SP:j: 69Be77 PAC i BaTiO, 

1
3 tAntishielding cor;ection made 

~;Sc 767 274n8 [3/2] ±0.355 68Fo02 DPAC w=6.9 10 Mrls ('"Ca on Cu)(a,p); H ,= 

6.10 6kG 

~~V gs 16d (4) ± 1.63 10 66Ca04 GAP fL ll=±L348Hm-kG Fe-V; fl,.,=-82kG; T measure d 

by 51Mn in Cu 

~:V 306 7.09ns. [2] +0 .. 17634 67 Au02 !PAC G,wT=O.33113r, liquid source, 1I o=36.4kG; 

G,wT=0.407 23 "Cr in Cu metal, 1l.=46.6kG; 

G,=O.9! 7; 0.95 6 

~:V 306 7.09n8 [2] ±0.44 P 19 69Pal2 IPAC dilute BaCrO. in HNO,; 
:to.5]P 23 II ,= 14.2kG 

~!V 320 173ps [5/2J +4.27 63Kr02 NRF (V mctal powder)(y,y) using 

gaseous 5l CrCI ,O, y-source; 

1I.=24.7kG; assumed K=+0.6% 

(11 in, uncertain -10%- 65Ma27) 

~~V 320 l73ps [5/2] +3.S532 68Ke09 IPAD WT=-0.163 14r, 4.5%V-re alloy, 

w-r=-0.161 21. l%V-Fe alloy. 

WT=-0.159 20 2%V-Fe alloy 

CEx with p; 1l,.,=87.3 18kG 

~!Cr 749 7.5n8 [3/2] :tLl bf 7 69KulS DPAD 5O Cr(d .p) 

;~Mn gs S.7d (6) positivd 57Hu80 GAP Ce,Mg ,(NO,) ,,24 

:j:Measured circular polarization of y 
~;Mn gS 5.7d 6? ±2.9S 15 

+05aJ/ I 
6lJe04 GAO La,M Ii 3(N 0 3) ,,'24 

;;Mn gs 5.7d (6) +3.059 2 70Nill GAO- g52 lg ,,= (Ce,La),Mg,(NO,)12 0 24 at 
or NMR 0.36961 7 O.loK;used 1-':!,=+3.449 2 or 
+3.0764 6 Q"/Q""=+L52 3.4680 3 and Q"=+O.35 5 

;~Mn gs 312d (3) ±2.52 60Ba42 GAP g52/g 54=0.60 (Zn,Ni)SiF .. 6; CMN; used 
positivet " =3.05 

i312d 

11-

~:Mn 
tMeasured circular polarization of 840)' 

gs ,) ±3.28 6 6lJe04 GAO La,Mg ,(NO ,) ,,24 

J. Phys, Chern. Ref. Data, Vol,;), NQ, 4, 1970 



974 GLADYS H. FULLER 

Table J: Nuclear Moments by 
Perturbed Angular Correlation, Aligned Nuclei, and Specific Ileal - Continued 

, 
Nucleus Level Til' I i I" Q 

i 
Refer. Method Measured Quantity Environment & Comments 

;~Mn gs 312d (3) ±3.284 d 5 67TeOI I GAP- I'=189.93MHz "'Mn in Fe; O.OI:~oK; H.= 

or NMR 675G; Hhf=-229.00kG; 

±3 .. 302 d 5 recalculated using 1"::,= 

3.449 2 or 3.4680 3 

~:Mn gs 312d (3) +3.278 2 +0.35 8 70Nill GAO- I g""/g"= (Ce,La),Mg 3(N0 3 )I,·24 at 

or NMR +0.791996 O.loK, used I" 55 =+3.449 2 or 

I 
+3.29594 : Q"'IQ"'=+0.99 10 3.4680 3 and Q55=+0.35 5 

~:Mn gs 2.58h (3) ±3.33 60Ba06 GAP g52lg "'=0.475 CMN; used J.t 
52 =3.05 

positivet :j:Mc'!sured circular polarization of 84Sy 

;:Fe 1408 l.Ops [2] +2.86:1: 56 72Hll08 IMPAC "'0=-18.948mr, ' CEx with 160, recoils in 

74HuOI "'0=-12.3 22mr Fe, Feos-Coo.,; H .,=-330, 

-364kG for Fe, alloy 

respectively 

:j:Analyzed flO vs E~c.il with transient field 

theory. Assumed 12% radiation damage 

correction to H hi" 

~:Fe 2950 1.22ns [6] ±8.22 18 7IHe21 DPAD w=2230 50 Mrls ""Fe(p,p'); H.=2.5kG; 

H,., =-339kG 

~:Fe 847 6.9ps [2] +1.1232 61Mell NRF wT=±0.485° Fe(y,y)using gaseous "'CoCI 2 

y-source; H,.,=3.17kG 

~:Fe 847 6.9ps [2] + 1.23+ 34 63ApOl IPAC wT=7.9:!: 37mr "Co diffused into Fe; lli"~ 

-330 10kG 

tCorrecled for other y'. coincident with 845y 

and for influence of field on position of 

peaks 

I Fe(p,p')recoils in Fe ~:Fe 847 6.93ps [2] + l.20:j: 20 72Hu08 IMPAC 

74HuOl :j:t!.O vs E~<.il fit wit~ Iransient field 

theory I 
tValue used in analysis 

~~Fe 136 8.8ns [512] ±0.91545 64Ko16 DPAD ("Fe on Cul(p,p'); 

Hi •• ~-333kG 

~~Fe 136 8.8ns [5/2] +0.85 J 2 69Sp05 IPAD WT=0.230 36r Stainless steel 

(14MeV 0 3+,0'); 1l.=lI.OkG 

~!Fe 367 7ps [3/2] 11"1<0.6 or 69Sp05 1M PAC ("Fe on Fe)(30MeV 0 4 +,0'); 

Hi., ?"330kG H hI~330kG assumed 

;~Fe 367 7ps [3/2] 11-'-1<0.9 74HuOl IMPAC t!.0=69mr "Fe recoil. in Fe,Co., 

H h' (Static)=-364kG;<t>,fg= 

I 
-14.5mr expected from 

transient field theory 

including radiation damage 

correction to H hl 

;!Fe 707 3ps [5/2] 11-'-1< 1.0 74HuOI IMPAC flO=4.0 S5mr "Fe recoils in Fe.Co.,;H hi 

(Static)=-364kG;<t>I/g=-13.6m 

expected from transient 

field theory including 

radiation damage corrections 

to Hhf 

~:Fe 811 6.4ps [2] + 1.08 34 69Sil3 IPAC wT=7.73 175 mr "'Co in Fe; H.=5kG, llhf= 

323.4kG at room T 

;:Fe gs 45d (3/2) ± 1.1 2 70Ts04 GAO A 59Ik=6.211moK Nd,Zn,(NO,h,·24 crystal; 

Ce,Zn,(NO')12'24 crystal; 
used Alk( 57 Fe)=1.57 4moK 

;~Co ISh [7/2J ±5.3 or 4.5 60Ba20 GAP g"'/g 55 = 1.33 or Ce,Mg 3(NO,h,24;used ["'=2, g. 
1.55 10 58 =4.03 I" 

~~Co gs 18h [712] ±4.33 61Chl2 GAO 

I 
(Ni,Zn)SiF 66 crystal; 

""Co used as thermometer 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 



NUCLEAR SPINS AND MOMENTS 975 

Table J: Nuclear MOinents by 
Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level T'I' 
I 

I Q I Refer. Method Measured Quantity Environment & Comments /-< 

~;Co gs 270d (7/2) +4.722 d 17 +0.49 9 72NiOI GAO- A~+243.46 48MHz (Ce, La),(Mg, Co),(N 0 3) 12.24; 

NMR 8=+317.75Mhz for 5·CO used A~+79.096 4, 

P~+0.28 4MHz 8=+ 103.91 4, P~+0.0720 4 
in units of (hex lO-'cm -I) 

from ENDOR and /-<~:,=4.616 9 

;;Co 1378 19.4ps [3/2] +2.89 67Be17 [PAC 

I Q5·~+0.38 
. Fc(a, ); Hi., =-290.6 9kG 

~;Co 1378 19.4ps [3/2] +3.06 
I 

70ValO IMPAC wT~70mr "Fe(a ,n); H in, ~ -290.6 9kG 

~~Co gs 7Ud [2] ±3.53 52Dal9 GAO (Co,Cu ,Zn)Rb,(SO .),.6 

~~Co gs 71.3d [2] +4.035 8 +0.213 72NiOI GAP- A=+362.734MHz See 57 Co (72N iO I) above 

NMR B~+476.75 20MHz 

P~+0.41 2MHz 

~~Co 54 10.2/-<8 [4] +4.1848 70Be33 Strob I 8.~627.4 10 G 57 Fe(pul8ed d,n); target 

DPAo for T.= I/-<s al T~930°C (I'>TcJ 

;;Co 1292 564ps [3/2] +1.9935 67Ag03 IPAC dilute FeCI,; dilute FeCI,; 

K,Fe(CN).; H.=18.2kG, {3=1.5 

;~Co 1292 564ps [3/2] + 1.64 14 7lAr07 IPAC g=+1.11 10 5·Co-Fe;H.= 13kG,H ,",=-276k G; 

AAC g=±1.04 16 5·CO- CU , "Co-Ni, 5·Co - Fe 

:~Co gs 5.26y (5) ±3.55 54BI07 GAO /3 T=0.0112°K (Co,Cu.Zn)Rb,(SO .),·6; 

used /lT59=0.021°K; /-< 59 =4.62 

~~Co gs 5.26y (5) ±4.32 55Pol7 GAO (Co, C U ,Zn)(NH .),(SO .),.6 

crystal 

~~Co gs 5.26y (5) positive 55Wh42 GAP Ce 2 Mg,(NO,)"o24; measured 

circular polarization of y 

~~Co gs 5.26y (5) 13.7908 +0.42 5 72NiOl GAP- A~+ 136.22 7MHz See 57 Co (72NiOI) above 

NMR B=+179.088MHz 

J P~+O.1l3 5MHz 

~:Ni 87.2 1.721'-" [5/2] +0.752 2 70BI06 DPAC ·'Ni(pulsed d,p); H.= 18.33kG 

718115 

~;Cu 41 4.800. [2] ± 1.21 6 71B1I5 DPAC 62Ni(pulsed p,n); 1l.=28.0kG 

at 870°,970o K;Il.=5.55.!1.1kG 

al 290o K,H 1.,=-41.8, -36.4kG 

:!Cu 41 4.800s [2] ±1.34 12 7lBo64 {PAC wT=-0.56~;:r Ni(a,2n); aqueous ZoCI; fl.= 

DPAC w~-44 8Mf!S 13.20 15kG 

~;Cu 390 11.5ns [3] ± 1.89" 69Su13 PAC aligned 6ONi(pulsed a,np), 

Hhf=-47.2kG 

~:Cu 1590 20.408 [6] +1.02" 6 71Su09 PAC aligned ·'Ni(pulsed a.op) 

~:Cu 1590 20.40. 16] + 1.06" 3 72BII4 DPAD 

::Cu 1154 596ns [6] +1.038"3 72B1l4 DPAD 

~~Zn 185 1.01n8 [3/2] +0.38 12 68Li02 IPAC wT=3.1°:j: Cu foils(a,20); H o=31.2kC 

tCorrected for strong annihilation background 

~~Zn IB5 1.0lns [3/2] ±O.SI 6 69B041 IPAC GaCI; fl.=IB.3kG 

:~Zn 185 LOins [3/21 +0.35 12 7!ReO! DPAC 

IPAC 

~~Zn 605 340n8 [9/2] -1.093" 20 72Be61 oPAD 

~;Ge 734 70ns [9/21 -0.945" 30 72Be61 DPAD 

~~Ge 734 70n8 [9/2] 72Ha69 oPAD Q/Q6·(398ke V)= Zo(pulsed a. ); 

1.22' 2 Ga(pulsed p, ); T< I'm.1< 

;;Ce 398 2.81'-s [9/2] -1.0008" 32 70Ch05 Strob B 0 eol'1'= liquid 69Ga(pulsed p,n); 

2.951 JOkG used K G.=4.49 4xlO-'. 

for T.=1/-<8 <T c.=2.8xlO-' 

J. Phys. Chern. Ref. Data, Vol. S, No.4, 1976 



GLADYS H. FULLER 

Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nude 

;~Ge 1040 • 13ps [2] 

;~Ge 1040 13ps 12] 

~~Gc 17S 79ns [5/2] 

~;Ge 198 

~;Ge 198 

835 

596 

596 

1563 

15/2] 

[9/2] 

20.2ms [9/2] 

3.14ps [2] 

14p5 [2] 

12ps [2] 

12p5 12] 

17.6p5 (2] 

17..'ips 12] 

;;A8 215 :80ns 131 
;;A5 66.9 5.0ns [5/2] 

;;A5 427 '5.8f.L5 [9/2] 

;;A5 265 

;;A8 265 

;;A5 280 

;~As '280 

;;A s 280 

280 

I 

[9/2] 

[3] 

11.9ps l:l/2] 

II.9p8 [3/21 

0.28ns [5/2] 

0.28n5, [.1/2] 

0.28m [5/2] 

15/2] 

[I] 

II 16JLs 19/21 

+1.18+5[\ 

+1.76"+ 42 

+ 1.015 10 

-1.022 23 

-1.0396 d 23 

+ 1.0050 

+ 1.16"+ 28 

+0.9246 

+0.7430 

+-0.72"+ 16 

+ 1.575' 18 

.. 1.62 10 

.5.157:1= 32 

±5.234 13 

+2.428 d 30 

±1.1133 

to.93' 24 

+0.902[\ 

+0,83' IS 

:!c2.4' 3 

±0.91 12 

+0.558 I 

:::5.508' 9 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 

:!cO.28' 

10 

Refer. Method Measured Quantity. Environment & Comments 

69Hcll IMPAC M= 11.2 15mr ('OGe on fe)( 160,O'); 

H.~lkG; H;.,=+70 3kG 

tlncludes estimate of transient field 

74HuOI IMPAC 

(69Hell) 

68Mo12 DPAD 

72Ha69 DPAD 

70Be29 DPAD 

I H ,,=+ 70 3kG 

:j:lncluded effect of decays-in-flight 

Q1Q69(398keV)= 

0.219" 4 

AuGa,(pulsed p,n), 

H o =15.98kG; 

(Ga on A u)(pulsed p, n), 

H.=26.04kG 

Zn(pulsed n, ); 

Strob B.=355.88G 

Ga(pulsed p, ); T<Tmeh 

liquid 7lGa(pulsed p,n); 

H
o
=98.7, 72.4G for DPAD 

for T o =64f.Ls 

72Ri13 liquid Ga(pulsed p,n) 

tMeasured relaxation time as [(1) by GAO 

69Hell IMPAC e:.O=9.917mr ( 72 Ge on Fe)('60,O'); 

74HuOI 

(69Hell) 

69Hel I 

74HuOl 

(69Hell) 

69Hell 

IMPAC 

IMPAC 

IMPAC 

1M PAC 

74HuOl IMPAC 

(69He 11) 

72Be62 

63B026 

69Qu03 

70Be23 

71 Ch 10 

71 Be89 

72Ch36 

60MaO:l 

66AgOI 

70A,01 

7 J Bell'! 

711le90 

70lle78 

DPAD 

DPAC 

PAD

NMR 

Stroh 

DPAD 

IPAC 

IPAC 

JPAC 

IPAC 

IPAC 

IPAC 

Strob 

Strob 

H;n,=+70 3kG 

H h,=+70 3kG 

Hncluded effect of decays-in-flight 

e:.O=-·11.3 13mr (HGe on fe)('·O,O'); 

fI;o,=+70 3kG 

H h,=+70 3kG 

tlncludcd effect of decays-in-flight 

e:.O=-9.9 15mr ('6Ge on fe)('·O.O'); 

fi;n,=+70 3kG 

H h,=+70 3kG 

:j:lncluded effect of decuys-in-flight 

v=1166MHz 

Igl(l+K)= 

1.149557 

, 

"Ge(p,n) 

liquid "Ga metal(a,2n); 

HI' v,=8.5G, 858kHz; 12.4, 

854; 17.0, 856; 14.6, 925 

tAssumed K=+O.32% 

w/w( 19f -197ke V)= 

+0.555 4 

WT=9,O 24mr 

wT=16.24mr 

G,wT=-17.234mr 

WT~13.6 22mr 

WT/ll= 

0.698 75r/MG 

0'7= \04.7 35m r 

Bo= 1175 2G 

for To=lJLs 

solid "Ge(d,n) 

HGe metal(pulsed p,n); 

Ho=21kG; Knight shift 

negligible 

Se in Fe; f/.,,=150 I7kG 

implantation in Fe foil by 

mass- separator; Ii ,,=319 33kG 

measu red using 280ke V level 

"Sc(pile n, ) dissolved in 

HNO,; H.=13kG; f3=I, G,~I 

material nol given; H o=20kG 

"Se in HN0 3 ; H,=lOkG; 

used f3=I, G,=! 

H,SeO, in dilule HCI,H.=20kG 

Se in Fe, find H.,,=I~O 17kG 

and H h'= 145 JlI'kG 

melallic '6Ge(p.n) 

liquid 76Ge melal(d,n) 
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Table J: Nuclear Moments by 
Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level 1'1/2 I IL Q Refer. Method Measured Quantity I Environment & Comments 

;:Se 559 11.1 ps [2] +0.8024 67Mul0 IPAC w7=20 3mr I pure metal; Fe- As(pile n, ); 
I 11,.,=+650 150kG 

;:Se 559 ll.lps [2J +0.8022 69Hell IMPAC . 6.8=-27.1 15mr 
I (7·Se on Fe)(160,O'); 1I.=lkG 
I 

H,.,=+650 150kG 

;!Se 249 
1

9
.
4ns [5/2J +1.2015 MEnOI DPAC w=758Mr/s K 77Br; H 0 =33kG 

~!Se 440 24ps [5/2] + 1.02 28 70R032 IMPAC 6.0=-53.0 88mr recoils in Fe; H ial = 

I +650 150kG; 

HI' ,= ;-4.5 23MG-ps 

~:Se 614 8.6ps [2] +0.8222 69He 11 IMPAC LlO=-24.0 16mr ('·Se on Fe)(I·O,O'); 

H,.,~+650 150kG 

:~Se 666 8.05ps [2] +0.8424 69He!l IMPAC . 6.11=-23.9 llmr (80Se on Fe)( 160,O'); H,,,= 
I +650 J50kG 

~!Se 655 11.3ps [21 +0.8624 69He11 IIMPAC 6.8=-29.58mr (82Se on Fe)(I·O,O'); 

H,.,=+650 150kG 

;:Br 181 lOOlLs [4] ::':4.100:j: 12 7lBr31 PAD- molten Se-TI(pulsed p,n); 

NMR 1I.=6.5G 

tUncorrected for Knight shift or diamagnetism 

~:Br 181 100fLs [4J +4.08:1: 8 711n04 DPAD Molten Se-TI(390°C) 

(pulsed p, ); 11.=51.55, 

63.8 1, 96.3 9G 

T ,.Iax =40 30fLS 

:l:Uncorrected for Knight shift or diamagnetism 

~~Br 540 35fLB [9/2] ::':5.84:j: 7 71Br31 PAD- I mo~en Se-TI (pulsed d,n); 
NMR H.-IOAG 

tUncorrected for I<;night shift or diamagnetism 

~!Br 540 35fLS [9/2] :.>:5.674:1: 45 7lCh28 Strob w.=391.70kr/s Se-Tl at 450°C(pulsed 

for !IOMev d, ); 7, ... ,=24 lllLs 

n=2; H .=64.87G 

:j:Uncorrected for Knight shift or diamagnetism 

:~Br gs 36h (5) positive 71Hil2 BAP I ~Br and 57 Coo implanted 
In Fe;T~30m K 

~:Kr 148 77.7ns [5/2] +1.12210 68Bi04 DPAD I 19 79 aqueous(K F + K Br)(pulsed 

p,n); H .-25kG; 

used g( 1°F ,,)= 1.445 3 

~!Kr 9.3 143ns (7/2] -1.82t· 25 67Mil7 DPAC 2w,pin= RbCI at 23°C; H.=1.7kG; 

29.6tMr/st 

=I P polycrystalline 

Rb,Mg(SO.),.6 

tUnit given as MHz 

tValues as reported in paper 

::Sr ? 460n. [8] -1.93 P 12 72Ha66 DPAD w=8.4650Mr/. 88Sr(p,n); 1I.=7.27kG 

~:y 243 28.5n8 [2] -1.06 6 68Trll DPAC AS(160,Sn)Zr, chern; 

Zr in 1M HF solution; 

1I.-41kG; /3=1 assumed 

:~Zr 3590 130ns [8] ::':10.84 14 70Na13 Sirob ,w=78.55 79M rls't Sf metai(a,2n);H.=12.00 4kG; 

71Nal6 I K=0.87% assumed 

:~Zr >2265 29.0ns [15/2] :.>:5.32" 8 72Ba82 DPAD 

tUnit given as MHz 

I "Sr(a,n) 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 



979 GLADYS H. FULLER 

Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleusl Level T'i2 I J.L Q 

::Nb \2378 1O.On8 [17/2] ± 10.62" 34 

:;Nb gs 35d [9/2] ::':6.36 

J.LH<O 

:;Mo 
I 

2761 
1190ns [81 ± 11.2 6 

:;Mo 2761 190n8 [81 ±11.2713 

I 

:~Mo 

1

2953 97.7ns [8] ± 10.54" 16 

:;Mo 201- 760ps [3/2] -0.55 6 

I 

:~Mo 204 760ps [3/2] -0.393 

:~Mo 787 3.5ps [2] +0.6836 

!~OMo 536 lOps [2] +0.6836 

:~Tc gs 4.3d [6] ±4.60 14 

:~Tc 141 I 192ps [7/2] ±3.8 12 

::Tc 141 192ps [7/2] +4.7 12 

:~Tc 181 3.59n8 [5/2] ±3.65 

positive 

:~Tc 181 3.59ns [5/2] +3.64 

:~Tc 181 3.59ns [5/2] +3.63 

:~Tc 181 3.59ns [5/2] .3.286 

::Ru 654 S.9ps [21 +0.6034 

:!Ru 654 5.9ps [2] +0.78<t 60 

:!Ru gs -- (5/2) -0.623:j: 21 

: 

:!Ru 90 20.7n5 (3/2) -0.39240 

20.7n. (3/2) -0.284 6 

negative 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 

• Refer. Method I 

72Ba82 DPAD 

67Ca07 GAP 

I 

70Co28 DPAC 

71Co08 

70Na 13 Strob 

71Nal6 

72Fa16 DPAD 

66An02 IPAC 

708028 IPAC 

69Hell IMPAC 

69He 11 IMPAC 

71F024 GAP-

NMR 

68Za04 IPAC 

691n07 [PAC 

58Ra 16 AAC 

!PAC 

59B043 IPAC 

65An02 IPAC 

71Wi08 DPAC 

69He 11 IMPAC 

74HuOl IMPAC 

(69Hell) 

65Ma27 DPAC 

64B028 DPAC 

65Ma27 DPAC 

IPAC 

Measured Quantity Environment & Comments 

"'Y(<>,2n) 

dilute Nb-Fe; Nb-Co alloys; 

H •• ,(in Fe)=255kG from NMR 

measured circular polari-

zation of 768y 

w=25.S 12Mr/s "'Zr foil(<>,2n); H.=3.8 IkG 

w(l)= ('OZr metal on Zr)(<>,2n);lIo= 

70.37 63Mr/st 10.39 2kG; (l)=773y, (2)= 

w(2)= ISlly 

71.05 64Mr/s:j: 

HJnit given as MHz 

"Zr(c<,2n); H. = 15.85kG 

urr=-443mr solid Mo(d, ) 

wT=-37.580mr liquid HTcO.+H,MoO, in 

HNO,; H o=22.5 3kG 

wT=+28.0 17mr Nb foil(<x,2n); 

(average for 2 H.=20.6 4kG assumed 

cascades) 

Ll.O=-12.130mr (98Mo on Fe)(O,O'); 

H .-·JkG; H m,=-256 5kG 

Ll.O=-8.0 IOmr "1OMo on F'e(O,O'); 

1I,.,=-2565kG 

v=173.235MHz, Tc-Fe; H.=1.317,4.39,8.78kG; 

171.455, Obtain g from slope of " VB 

168.88 8 fl. and H,.,=-298 JOkG from 

intercept 

wT=30 lOmr solid MoO,; Ho=20 IkG 

WT=+O.58 lOr Mo- Fe{pile n, ); assumed 

fl m,=-320 65kG 

Mo wire disolved in HNO,; 

H.=lOkG 

G,=0.81 5 fission Mo in {NH.),MoO.; 

H.=15.55kG 

(H m' uncertain -10%,65Ma27) 

(NH.),MoO.; H.=J6.00 25kG 

Tc-Cu; H.=29.80 15kG 

wT=-5.0 40m r (98 Ru on Fe)('60 ,O'); 

fl'n,=-505 15kG 

tused HhI (1M PAC) = -359 44kG, based 

on g ... (2+)=OAO 3, and <t> ,=-10.7 24mr; 

included effect of decays-in-flight 

:j:Using J.L(90)/f.L(gs)=+OA55 16 from 

M,;ssbauer experiments (66Ki02) and 

g(90)=-0.189 4; Ru in Cu 

w= 

38.7 II x10·s- 1 

:tUn;1 as given 

g=-0.181 2 
g=-0.1892 

g=":0.184 10 

liquid RhC1 3 in 3N HCl; 

H ( m' uncertain -10 o 65Ma27 

liquid source; H. =41.6 4kG 

Ru in Cu; H.=41.5 4kG, 

f3=0.958 

Ru in Ni; H ID'= -180 JOkG 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat -- Continued 

Nucleus 
I 

TIl' Q Refer. Method 
I 

Mea8ured Quantity Environment & Comments Level, I-'-

!~ORu 540 i [21 I +1.0213 66Au06 IPAC I WT=-17.8 12mr ""Ru ill Fe; H.=lOkG. 111.9p, 

I 

H,., =-442 31kG 

~~oRu 540 II. 9ps [2] 69Hell IMPAC tJ.8=3.3 32mr ('(JORu on Fe)('60,O'); 

H.=lkG; H •• ,=-505 15kG 

!~ORu 540 I!. 9ps [2] +0.94":1: 30 74HuOI IMPAC :j:5ee 98Ru(654), 74HuOI 

(69Hell) 

!~'Ru J27 550ps [312] -0.310 26 66Au06 IPAC w7=+336 13mr IO'Ru in Fe; Ho=lOkG, 

H,.,=-4423/kG 

wT=+130 4mr IO'Ru in Ni; H i • , =-178 8kG 

!~2Ru 475 17.6ps [21 +0.80 18 66Au06 IPAC w7=-20.942mr I02Ru in Fe; H.=lOkG, 

H,.,=-4423IkG 

!~2Ru 475 17.6ps [2] :to. 76" 50 68Fr17 PAC "'7=-22 14mr Ru diffused in Fe; H i.,= 

5002kG 

!~2Ru 475 17.6ps [2] 69He II 1M PAC 1I.8=2.844mr (,o'Ru on Fe)('60,O'); 

H i .. =-505 15kG 

!~2Ru 475 17.6ps [2] [0.74162 72Jo06 IPAC wT=-21.7 12mr Rh in Fe at liquid He temp; 

H.=22kG; H,,=-503 9kG 

!~2Ru 475 17.6ps [2] +0.62<+ 24 74HuOI IMPAC :l:See "Ru(654), 74HuOI 

(69Hell) 

!~4Ru 358 58ps [2] +0.58 8 69Hell IMPAC tJ.8=47.844mr ( I04 Ru on Fe)(160 ,O') 

H,., =-505 15kG 

!:4Ru 358 58ps [2] +0.82":1: 10 74HuOl IMPAC :j:Used H b• (IMPAC) =-359 44kG, based on 

(69Hell) g ••• (2+)=0.403, and <I> ,=-10.7 24mr; 

included effect of decays-in-flight 
I 

!~ORh 74.8 215ns [2] +4.266 65Ma34 DPAC metallic Rh; H.=2.22kG; 

assumed K=+0.43% 

!~ORh 74.8 215ns [2] +4.321 d 8 66MaS4 DPAC 21'=16.495, metallic Rh; H.=4996 lOG, 

25.10 5MHz 7636 7G; assumed K=+0.43% 

!~ORh 74.8 215n5 (2] :'::4.298" 30 71Re06 OPAD I03Rh melal(p.4n);G' =0. 79 I; 

H. measured by proton 

resonance with Hall probe; 

as.umed K=O.43% 

!~3Rh 93 I. 13ns [9/2] :t6.21 90 7IBaAI IPAC dilute RuCl.JI.= J8.SkG. !3'" 1; 

Ru source in Cu 

!~3Rh 298 6.3ps+ [3/2] +0.03 39 70Ro32 IMPAC c.8=+3.650mr recoils in Fe; Hint;;c;. 

-543 IlkG. H ,T ,=7"+ 15MG-ps 

assumed 

~Value of T 1/2 used in analysis 

!~3Rh 298 6.3p8~ [3/2J :'::1.7246 or 71Bh05 IMPAC 11.0=+29 7mr I 5%Rh-Fe alloy; lli.,=-540kG; 

:t2.1263 I assumed no transient fields 

or assumed lJ ,T,=1.24MG-ps 

:j:Value of T 1/2 used in analysis 

!~3Rh 298 7.6ps:j: [312] :'::0.90· 30 71Sp 14 AAC g(3/2)/g(5/2)= ! Rh("Cl,Cl')recoils in gas 

1..33 I 
:j:Value of T 112 used in analysis 

!~3Rh 298 6.3ps [3/2] :to.70·· 21 72Mi20 PAC recoils in gas 

!~3Rh 360 59ps [5/2] + 1.38 25:j: 70Ro32 IMPAC tJ.8=-rl02.770mr recoils in Fe;H ",,=-543 IlkG 

H ,7 ,=7.4 15MG- p s assumed 

:j:Uncerlainty increased 10 -. 20% 

!~3Rh 36() 59ps [5/2] :!: 1.2 2 71Bh05 IMPAC tJ.8=+108/4mr 5%Rh-F'e alloy; l:f, .. =-540kG. 

assumed no transient field 

or If IT ,= 1.24MG-ps 

!~3Rh 360 76pst [5/2] :'::1.12·25 71Sp14 AAC Rh("Cl,Cl') recoils in gas 

tValue of T ii' used in analysis 

~~3Rh 360 59ps [5/2J :'::0.95'· 32 72Mi20 PAC I recoils in gas 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table J: Nuclear Moments by 
Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level Tl/2 I I IJ. Q Refer. Method' Measured Quantity Environment 1& Comments 

~~4Pd 556 9.7ps [2] 

\ 

69Hell IMPAC I Li/J=0.8 14mr (J04Pd on Fe)(J·O,O');H.=lkG 

H,.,=-595 12kG 

!~'Pd 556 
1

9
.
7ps [2J +0.76* 14 74HllOl IMPAC 6.0=1.3 12mr CEx with J· O , recoils in 

disordered Fe.Co,; 

H bf(1 M PAC)=-409 31kG, <P ,= 
--9.3 14mr 

+0.62<:1: 16 (69Hell) :j:Calculated assuming g ... (2+)=0.36, 

H hr (1M P A C)=-409kG 

!~·Pd is 2 12.7ps [2J +0.85 11 65Ko12 IPAC wr=2.0620mr RuCl, in 3N HCI; 

66]e02 H, =55 .62kG 

!~·Pd i 5 12.7ps [2J +0.758 66All06 IPAC wr=-17.63mr ""Pd in Fe; H,,,=-540 40kG 

wr=-11.67mr ""'Pd in Co; li'n,=-361 50kG 

wr=-50 9mr ""'I'd in Ni; ll,.,=-162 35kG 

!~·Pd 512 12.7ps [2] :'::0.706 67Mu09 IPAC Ru in Fe; 11 ,.,=580 20kG 

Ru in Co; 11,.,=397 15kG 

:~6Pd 512 12.7ps [2J :,::0.69053 68Bo15 IPAC wr= 17.3 2mr J()"Ru in Fe; 1i,.,=-573 20kG 

!~6Pd 512 12.7ps [2J :<::0.75 7 68.1017 IPAC w-r=1.73 11mr Ru in Cu or stainless steel; 

l1o=5l.lkG 

:+::0.709 w-r= 1.42 16m r RuCl 3 in 3N HCI; 

fJ ,=51.1kG,assumed f3= I 

!~·Pd 512 12.7ps [2J +0.58 34 69Be 11 1M PAC 6.0=4.5 26mr (l06 Pd on Fc)('·O,O'); 

11,.,=-595 12kG 

~~·Pd 512 12.7ps [2] :<::0.736 70Si20 IPAC wT=18.18mr l()6Ru_ Fc;I1.=6.SkG;H;n,=S7IkG 

~~6Pd 512 12.7ps [2] +0.75454 72Jo06 IPAC wT/B=33.710mr/MG Pd-Co at T<0.25Tc ; H.>20kG; 

(w-r/B) .. , = also measured in Pd-Fe, --Ni, 

31.7456mrfMG -steel 

!~·Pd 512 12.7ps [2] +0.64 12, 74HuOI IMPAC 6.0=20 15mr, CEx with 1·0, recoils in 

to.74+ 14 6.6=3.5 14mr disordered Fe.Co" in Fe; 

llbl(lMPAC)=-409 36kG and 

<P ,=-9.3 14mr for both. 

:j:Average value (this work and that of 69Bcl!, 

I 
recalculated) for recoils in Fe 

!~6Pd 1128 2.5ps [2] +0.7! 13 68BolS IPAC wT=3.6347mr I06 Ru in Fe; H; .. =-573 20kG 

at room T 

~~"Pd 1128 2.5ps [2] :'::0.77 23 70Si20 IPAC w-r=3.81Omr H16Ru_ Fe;ll .=6.5kG;1l , .. =57 J kG 

!~8Pd 434 I 23.8ps [2] +0.608 69Hell IMPAC 6.0=17.516mr ('08 Pd on Fel( 1·0,0'); 

H;.,=-59512kG 

!~8Pd 434 ' 23.8ps 12] +0.748 74HuOl IMPAC 6.0=15.6/2mr CEx with J6 0 , recoils in 

I +0.80<t 12 (69Bell) disordered Fe.Co,; 

lih/(lMPAC)=-4093IkG 

<P ,=-9.3 14mr 

tIl., + <P ,for Fe same as for alloy 

!!OPd 374 4S.8ps [2] +0.50 6 69He II IMPAC 6.0=35.0 23m r ("°Pd on Fe)('·O,O'); 

fJ'n,=-59512kG 

!!OPd 374 45.8ps [2J +0.72 8 74HuOl 1M PAC 6.0=36.9 18mr CEx with J·O, recoils in 

disordered Fe.Co,;H h' 
(lMPAC)7-4093IkG; 

<P ,=-9.3 14mr 

+0.68':j: 8 (69He 11) Hl.rand <I> ,[or same as for alloy 

!~7Ag 325 5.9ps [3/2] +1.I772 70Ro32 IMPAC 6.0=-\0.4 20mr recoils in Fe;H ln.=-282 20kG 

lil-r ,=7.4 15MG-ps assumed 

~~7 Ag 325 5.9ps [3/2] :!:cO. 75" 22 71Spl4 AAC g(3f2)/ g(5/2)= CEx recoils in He gas 

± 1.25 30 

II ,-r ,=7.4 15MG-ps assumed 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

I 

: 

Nucleus Level T'/' /.L Q Refer. Method Measured Quantity Environment & Comments 
i 

!~7Ag 325 ' 5.9p8 [3/2] ±0.61'P21 72Mi20 PAC recoils in gas 

!~7 Ag 423 34p" [5/2] + 1.65 70 70Ro32 IMPAC il.O~+22. 7 20mr recoils in Fe;H,",=-282 20kG 

!~7 Ag 423 34p5 [5/2] :t:0.B8 P 22 715p14 AAC I CEx recoils in He gas 

!~7 Ag 423 34ps [5/2] ±0.87·P 32 72Mi20 PAC recoils in gas 

!~9 Ag 309 5.2p5 [3/21 + 1. 72 70 70Ro32 IMPAC il.O=-8.924mr recoils in Fc;H ",,=-282 20ke 

i 
Ht,=7.4 15MG-ps assumed 

!~9Ag 309 
1
5.2ps [3/}J ± 1.29· 30 715p14 AAC g(3/2)/g(5/2)= CEx recoils in He gas 

1 
±1.4 4 

!~9Ag 309 
1

5
.
2ps [3/2J ±0.67·P 22 72Mi20 PAC recoils in gas 

!~9Ag 414 ,33ps [5/2] +1.2156 70Ro32 IMPAC 6e=+16.525mr recoils in Fe;H,,,=-282 20kC 

Hl,=7.4 15MC-ps assumed 

!~. Ag 414 33p8 [5/21 ± 1.06" 27 715pl4 AAC CEx recoils in He gas 

!~9Ag 414 33p" [5/2] ±0.67 P 22 72Mi20 PAC recoils in gas 

!;OAg gs 24.4s (I) ±2.7210 d 8 69Ac02 BAP- y/21T= AgF,AgCI,AgBr,Ag,O, and 

NMR 12.06454kHz/C Ag,O,(polarized n, )J--8°K; 

2H,=0.6G 

!~O Ag 116 253d (6) +2.9 13 65We02 GAP fLH=± 1.00 7 Ag in Fe; H,",=-350 lOOkC 

/.L H =±0.31 Ag in Ni; H .. ,=-108 30kC; 

/.LII negative from used GAO in ""Co to 

(3 asymmetry measure temperature 

~~9Cd 469 i 8.9/.L" [11/2] -1.091" 2 7lB1I6 5tmb '09 Ag(pulsed p,n); T= 

1000 arc 
!~OCd 656 SoOps [2] ±0.S4 P 22 68Ke 17 IPAC Cd in Fe; lI in,=-348kC; 

AgNO, melted into Fe; 

AgNO, diffused inlo Fe 

~~oCd 656 5.0ps [2] +0.7830 69Hell IMPAC M=-10.738mr (HoCd on Fe)('60,O'); H,.,= 

-34B 10kG 

!~OCd 656 S.Ops [21 +0.64 13 72Jo06 !PAC wT=3.26mr Ag-Gd at 77°K; ll. =22kC, 

H bI=-310 7kG 

!~OCd 656 5.0ps [2] + 1.00"~ 44 74HuOI IMPAC tAssumed MPAC)= 238131kG; 

(69Hell) included effect of decays-in-flight 

~~ 'Cd 247 84n8 [5/2] -0.70· 52AeOl PAC 

!! 'Cd 247 B4ns [5/2] -0.72 5 54AI49 AAC [nCI, in H 2O 

!~ 'Cd 247 84n8 [5/2] -0.78.323 565163 CDPAC dilute InCl, solution 

!! 'Cd 247 84n9 [5/2] +0.9 62Be12 PAC woT=-1.5 5 In crystal;measured circular 

polarization of 247y 

tUni! no! given 

!~ 'Cd 247 84n8 [5/2] 0.794 d 6 63Bo09 DPAC Cd in HCI; 110=10337 50G 

!! 'Cd 247 84ns [5/2] -0. 794 d 18 63MalO DPAC In in HNO" f1.=32.6kG 

-0.781"38 635a 19 DPAC w=47.35 Mr/s In in HNO,: 1l.=3LBlkC 

!!'Cd 617 
1

6
.
2PS 

1 
[2) +0.6012 69Hell IMPAC il.O=-7.3 9mr ('''Cd on Fe)('·O,O'); 

II in' = -348 IOkG 

!!'Cd 617 6.2ps [2] +O.72't 22 74HuOl IMPAC t5ee 1l0Cd(656), 74HuOl 

(69He 11) 

!!'Cd 558 9.0ps ]2J +0.B9 12 67Bh03 IPAC wr=+9.69 106mr Cd in Fe; H,",=348 IOke 

~~'Cd 558 9.0p' 12] +0.64 26 69Hell IMPAC MI~-5.2 25mr ('I'Cd on Fe)('·O,O'); lI,",= 

-·348 JOkG 

~~4Cd 558 9.0ps [2] +O.62"t 38 74HuOl I IMPAC t5ee IlOCd(656), 74HuOl 

(69Hell) I 
~~·Cd 513 13.7ps [21 + 1.42 76 69Hell I IMPAC M/=-4.0 19m r (lIoCd on Fe)('oO,O'); H

i
.,= 

-34B IOkG 

!!6Cd 5B B.7ps [2J +0.80"t 62 I 74HuOJ I IMPAC f:See 
110 ' Cd(656), 74HuOl 

(69Hel1) I 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleusl Level T'/2 

[II 

!~·In gs 145 [IJ 

!!"In gs 

!! 'In 660 

!! 'In 660 

!~'Sn 3210 

or 3090 

!~5Sn 619 

14s 

60n8 

600s 

[I] 

[3/2J 

[3/2] 

700n8 [9J or 

[7] 

3 .. 3J.ts [7/2] 

159~s [!l/2J 

1 59J.ts fllj2] 

1 59J.t5 [11/2] 

~~·Sn 2369 350n8 [5] 

;~ ·Sn 2320 

!~ ·Sn 2320 

!!"Sn 2300 

!~OSn 2300 

21. 7ns [5J 

21.7ns [5 J 

5.5n. [5 J 

5.5n8 [5J 

~~"Sn 2300 5.5n8 [5J 

!:'Sb 3130 340p." [21/2'?J 

;:'Sb 3130 340~" [21/2?] 

~ I Q Refer. Method' Measured Quantity Environment & Comments 

~:+:1.7:j: 4 I 62Ko16 BAP 

:+:1.12 -':+:0.03 66Ra17 BAP 

:+:2.7860· 12 :+:0.091: 2 71Wi12 BAP-

I

i In-Fe allo v • H. ;:.250kG· 
J' Inl . I 

HiDl negative 

:j:Assumed allowed ,a-decay 

"'In (polarized n,y); 

measured relaxation times in 

10F"ln,O"lnP, and In-metal 

y/2.".=2.1132 8kHz/G I InP(polarized Ih n, )al 7TK 

NMR :j:From temperatur~ dependence of r,d,,; used 

.0.95 8 

g=-O.OBI d" 3 

<:+:0.98:1= 

:+:1.3614 

-1.32 JJ 

±1.40 8 

-0.325 25 

-0.304 or 

-0.4 2 

-0.340 14 

-0.30025 

-0.37 5 

-0.2BO 25 

+1.21 16 

:+: 1.22 3 

67Pal6 

:+:0.64* 4 72Ra27 

72B044 

7]Br03 

71 Br03 

711v04 

72Mel5 

:to.B" 3 72Ril3 

OPAC 

OPAC 

DPAD 

PAO

NMR 

PAD

NMR 

DPAC 

DPAD 

66RG02 DPAC 

62Bo16 

MOe 19 

62Bol6 

64Del9 

IPAC 

IPAC 

DPAC 

IPAC 

IPAC 

DPAC 

IPAC 

:+:0.021:1:8 70Wo02 OPAC 

711v04 OPAD 

72Me15 DPAD 

Qll> =+0.83b 

II 0=32.1 5MHz 

lI·CdO(pi!e n, ); H.=8.6kG 

Ino.wCd OO \ at 4.2°K and 

295°K; used v 0'15=43.2 1M Hz 

and Q'I5=0.861" 15b 

molten "'Cd(0<,2n); used 

K--0.8% 

liquid In metal(pulsed p,n) 

:j:Searched for resonance in range 0.15<lgl<O.B 

II,Bo=100.03t,530G; liquid In metal(pulsed p,n) 

274.52:1:,1450G; 

274.52:1:,1460G 

tkHz 

v=7.BI 37kHz 

1l.=14; 35; 47G, 7,,10.= 

0.7518ms 

liquid 'I3Cd(pulsed 0<,2n); 

liquid '''Cd(pulsed 0<,3n); 

H.=6.48G 

In(pulsed p, ); H.=O during 

pulse, H.=40 IG between 

pulses 

liquid In(pulsed p,n) 

:j:Measured relaxation times as f(1) by GAO 

G.wT=31243mr 

w7=41738mr 

wr=150 20mr 

Sb dissolved in HCI; H.= 

30.2kG 

H.=2.09kG; G 2 =1 or 0.73 

II·Sb in 3N HCI; H.=40.95kG 

Sb diffused inlo Fe foils; 

H i.,=7B.5 30kG, determined 

by Moss. on 119Sb 

12°Sb in 3N HCl, H .=53.2kG 

Sh diffused into Fe foils; 

H;.,=78.5 30kG, determined 
by Moss. on 119Sh 

,,0=1.154MHz KSbC.H.O,.1/2 

"0=0.68 1M H z (SbO).SO. 

Q/Q"9(23.8keV))=:+:2.B6 15, using interaction 

constants obtained by Mossbauer for '''5b 

in the same compounds 

Waing Q\19(23.8keV)=0.06 2 

1'=3.54 3kHz 

liquid 115ln(pulsed 0<,2n); 

H.=30 to 100G 

In(pulsed 0',2n); 1I.=0 during 

pulse, H .=40 IG between 

pulses 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus' Levell Til' I IL Q Refer. Method Measured Quantity Environment & Comments 
I 

~~2Sb gs 2.73d (2) :t1.92 71Krl5 GAP I i 
Sb-Fe(pile n, ) 

g'Sb 61 I.BlLa [3] +2.979&' f 2 72He26 

I 
Strob I v=2.5MHz 

i 
molten 122S n(p,n) 

~~'Sb gs 60d (3) :t 1.26 7 68Kn02 GAP 

I 
ILH=240 29, 270 '''Sb in Fe, 3 different 

19,30524nm-k(; sources; f1;,,=21B 5kG; T , 
measured by 6<JCo and 124Te 

,,-anisotropy 

~ ~4Sb gs 60d (3) :':.1.42 10 70Si17 GAP 12'Sb + "'Mn in Fe foil; 

H b,=230kG; T=Bm'K; T mea-

sured by 54M n 1'-anisotropy 

~ ~'Sb gs 2.7y (712) :t3.55" 30 64HeOB GAP 12'Sb + "'Mn in Fe foil; 

H .. ,=200kG, T=O.024°K 

~~'Sb gs 2.7y (7/2) 6BAn05 GAP ILlJ=572 3nm -kG 125Sb + "'Co diffused in Fe; 

Hi,,(at Co)=286.3kG assumed 
!~5Sb gs 2.7y 7m :t2.62 6 68Ba70 GAP- 1'/211= 125Sb in Fe al O.OlsoK; 

NMR 0.570 14kHz/G obtained g from slope of 

"VB fl.; H.,=+231 6kG 

tFrom 1L(68StI6) and g(6BBa70) 

!~5Sb gs 2.7y (7/2) :t2.593 68Stl6 GAP Sb-F'e alloy; lJ i.,=+230kG; 

""Co used for thermometry 

~;6Sb gs 12.5d [8] :t1.287 72KrIS GAP !!./T=±0.0945 Sb-Fe; 12>Sb used for thermo-

metry; T=14.5moK; H i ,,=23IkG 
~;7Sb gs 3.9d [7/2J :t2.5912 72Kr15 GAP Ll./T=ctO.431 20 Sb-Fe; 125Sb used for thermo-

metry; T=14.5moK; H,.,=23IkG 

!:"Sb gs 8.6n [8] :t1.31 19 72Krl5 GAP !!./T=±0.087 13 Sb-Fe; '''Sb used for thermo-

metry; T=16moK; fl in,=231kG 

!;OTe 560 9.3ps [2J +0.42 12 69Hell IMPAC L\1i=-15.636mr (l20Tc on Fe)('·O,O'); H
i
,,= 

+620 20kG from Moss. 

~:oTe 560 9.3ps [2] +0.58':j:16 74HuOl IMPAC fAssumed g ••• (2+)=0.,30; fI b,(IMPAC)= 

(69Hell) +342 163kG, q, ,= 1O.8mr; included effect 

of decays-in-flight 

~~'Te 564 7.6ps [2J +0.91 12 66Au05 IPAC W'T=IS.4 15mr 

I 

Te in Fe; H.=IOkG; Hi., 

=+620 20kG from Moss. 

!~'Te 564 7.6ps [2] +0.7912 66Jo06 IPAC "''T=-13.213mr Sb diffused into Fe; 

1l.=IOkG; H,.,=637 21kG 

~;2Te 564 7.6ps [2] +0.626 67Bh06 II?AC wr=1O.5IO, three different Sb-Fc 

9.9 12, 7.0 14mr sources; assumed H
ibl

= 
+62020kG 

g'Tc 564 7.6ps [2] +0.70 14 67Mul0 IPAC W'T= 11.5 20m r Sb-Fe(pile n, ); fl,.,=600 

25kG 

~;2Te 564 7.6ps [2J +0.48 12 69Hell IMPAC !!.O=-15.8 12mr (I22Te on Fe)( 1.0 ,0'); 11,.,= 

+620 20kG from Moss. 

!;'Te 564 7.6ps [2] +0.64°:j: 10 74HuOl IMPAC :j:5ee 12°Te(560), 74HuOI 

(69Hell) 

!;'Te 159 190ps [3/2] ::to.72 12 70R031 AAC w'T=:':.0.42 6r "3Te implanted in Fe; H,.,= 

G,=:':.0.77442 620 20kG from NMR for dilute 

Te in Fe 

~;'Te 248 117d [11/2] -1.00· 5 72Va25 GAP Te implanted in Fe by mass 

separator; T<20moK 

!;'Te 440 '? ? g=+O.22 P t 3 70B048 IMPAC w'T=-38.533mr ("3Te in Fe)(I·O,O'); H br= 

620 20kG; H,T,=7.1 16MG-ps 

:j:Estimaled T from 125Te data 

g'Te 506 ? ? g=+O.032"P 70B048 IMPAC "'T=-4.423mr (123Te in F'e)('·O,O'); H bf= 

62020kG 

tEstimated T from 125Te data 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, AHgned Nuclei, and Specific Heat - Continued 

Nucleus Level 1"/2 I JL Q Refer. Measured Quantity Environment & Comments 

;;4Te603 : 6.6ps [2J +0.398 67Bh06 wr~-6.6:j: 24 or I I2'Sh--Fe(pile n, ); fi,o'= 

-5.4t 13mr !, 620 20kG assumed 

Wor (I690y)(603y) or (722y)(603y) 
~~4Te 603 6.6ps [2] +0.7016 67Mu06 IPAC wT=9.713mr Sb in Fe;fi'o,=+610 2.5kG from 

Moss., includes temperature 

correction 

!;"Te 603 6.6ps [2J +0.53 44 68Bo41 IPAC w7=7.544mr (Sb in fe)(pile n, ); fi in'= 

62720kG 
~;'Te 603 6.6ps [2] +0.42 10 69Hell 1M PAC D.O=-12.9 9mr (,

z4Te on Fe)('·O,O'); H,.,= 

+620 20kG from Moss. 
~~4Te 603 6.6ps [2] +0.54<:j: 8 74l-1uOI IMPAC tSee 12oTe(560); 74HuOl 

(69Hcll) 
!~5Te 145 S8d [1l/2] ':0.935 72Si21 GAP '''Te implanted in Fe by 

mass separator; H in, = 

657 20kG; T<20m oK 
!;5Te 321 695ps [9/2J -0.909 72 69Kn03 IPAC w7=81 33mr liquid 125SbCI,; fi

o
=19.1 IkG 

uJT=200 15mr '''Sb dissolved in Ni; fio= 

20.0 IkG, fi,",=205 10kG 
;;'Te 321 695ps [9/2] -0.918:j: 32 70Cr07 IPAC For (32Iy)(I77y): dilute solutions of I25 Sb in 

w7=47.7 33,179~~~, Cu, Ni, Fe; li,.,=5L5, 236. 

830'~~~omr 679kG 

For (204y)(l77y): [SbCI.r, [SbCI.] in I-ICI; 

wT=S4.248, H.=5LSkG; 

47.848mr; 

wr=S2.825, I25 Sh in Cu, Ni; li,,,=5I.S, 

234 17mr 236kG 

tFrom weighted average of wr/lJ=O.976 30r/MG 

~:5Te 321 695ps [9/2] -0.669 71 Ro 17 IPAC w7 .. ,=13217mr, fission 12'Sb i~ Ni; ff'nI= 

for two cascades 186 10kG assumed 

~~5Te 443 21ps [3/2] +0.52" 16 70Ro35 IMPAC w7=-43.0 54m r (Tc in Fe)(160 ,O'); lihf= 

71 Ro37 620 20kG; H? ,=7.1 16MG-ps 

g'Te 463 13ps [5/2] +0.5827 70Cr07 IPAC w7=146mr '
25Sb in Fe; li.=5L5kG, 

H'n,=679kG 
::5Te 463 13ps [5/2] +0.30" 12 70Ho35 IMPAC wT=-1O.833mr (Te in Fe)("'O,O'); li h,= 

7 1 Ro.'l7 620 20kG; H ,T ,=7.1 16MG-ps 
;;5Te 463 l3ps [5/2] +0.7930 ,71Ro17 IPAC "'7",=18.769mr rission J25 Sb in Fe; IJ in, = 

wr(l)=21 14mr, 620 20kG; (l)=(209y)(428y), 

wr(2)= 15 8mr (2)=(1 72y)(428y) 

~;5Te ,525 [7/2'?J negative 7IRo 17 IPAC wT=+10724mr I {1"lo" '"S .. I" F, 
g6Te !667 .,-0.50 14 6911ell IMPAC D.O=-13.125mr 126 16 I 4,42ps [2] ( Te on Fe)( 0,0); H,.,= 

620 20kG 

!;6Te 667 4,42ps [2] +0.62't 16 74HuOl IMPAC :j:See 120Te(560), 74HuOl 

(69Hell) 

I Te implanted in Fe by 
;;'Te gs 9,4h [3/2] ;0:0.66" 5 72Si31 GAO 

~;7Te 89 109d [11/2J -0.91" 5 72Va25 GAP mass 

separator; 1'<20moK 

;;"Te 743 3.18ps [2J +0.4212 69Hell IMPAC D.O=-lO.l 20mr (
128Te in Fe)('·O,O'); li,.,= 

620 20kG 

;;"Te 743 3.18ps [2] +0.54 ':j: 14 74HuOI IMPAC :j:Sce 12°Te(560), 74HuOl 

(69Hell) 

!;9Te gs 69m [3/2] ::':0.67" .5 72Si.11 GAO 

!;9Te 106 34d [llj2J - LIS· 5 72Va25 GAP Te im planted in Fe by mass 

separator; T<20moK 

~;oTe 840 2.0ps [2] +0.50 14 69Hell IMPAC M=·-10.622mr (
13°Te in Fe)('·O,O·); H'n'= 

62020kG 

~;oTe 840 2.0ps [2] +0.64 ':j: 18 74HuOl IMPAC tSee 12°Te(560), 74HuOl 

(69Hel1) 
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NUCLEAR SPINS AND MOMENTS 985 

Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level 1"12 I I.t Q Refer. Method Measured Quantity Environment & Comments 

'
251 53 

1
188 35ns [3/2] 

I 
±2.8'· 12 72Le32 PAC gaseous 1 al normal pressure 

!~71 58 1.92n5 [7/2] ±1.70· 33 65Tal4 IPAC H.=12.BkG 

g'l 

1

58 1.92ns [7/2] ±2.02 15 675vOI IPAC wr=216 15mr ,uTe in HNO, and in HCL; 

fl .=28.1 kG 
~~7J 1.92n8 [7/2] ±2.7S" 23 69Be78 IPAC 1l.=100kG 

g'I 1~~3 330ps [3/2] :;.± 1.07 67SvOl IPAC wr=8815mr I27Xe in Al foil; lJ o=51.2kG 

'
31

1 1150 0.95ms [5/2J +2.77t 50 67Ta07 IPAC wT=9712mr '31Te in HCI; H.= 13.2kG 53 

:j:Assumed time-dependent perturbations small 

~~ 'I 1797 5.9n8 [9/2, "0.7223, 67Ta07 lPAC G,wr=73 16mr 13'Te in HCI; H.=12.8kG; 

11/2?1 -0.S8 28 g=-0.165 G,=0.91 
~i2I 49.7 0.95n8 [3] +2.2230 695i06 IPAC wT=94.4 123mr '

32Te metal in HCI; H.= 

19.5kG, assumed G,=I 

:!'Xe 66!l 7ps [2] +0.92" 42 695i09 IPAC wr=22.3 7lmr 132Te diffused in Fe; 1I b,= 

1040 20kG 

;;'C8 13.'1 9.3n8 [5/2J +2.48 /5 648r20 DPAC w=1388Mr/8:!: BaCO 3 powder; fl. =29.1 3kG 

tUnit given as MHz 
!!ICS 133 9.308 [5/2] ±2.30· 20 698e79 IPAC G,=0.888 
~~'Cs 133 9.3ns [5/2] + 1.97 12 69Fe02 DPAC Ba(NO ,), in dilute HNO,; 

IPAC fl .=9.3, 18kG 

!~'Cs 133 9.3n8 [5/2] ±1.85'7 72AoOI DPAC ""'Ba(NO,}2(th n, }, dis-

solved in HCI; H.=15.9kG 
~~3CS 81 6.31ns [5/2] +3.1 3 59B056 IPAC BaCI, aqueous solution; fl.= 

22.4kG 
~~3C8 81 6.31n8 [5/2] +3.25 d 15 I 64Ag02 CDPAC BaCl,; delay time=22.90s 
~~3C8 81 6.3108 [5/2] +3.78 166He12 IPAC H .-lOkG 

±3.S 5 AAC 
!~3CS 81 6.31n5 [5/2] ±3.5540 68Re05 DPAC H.=24.2kG 
!~'Cs 160 190ps [5/2] + 1.65 50 59B056 IPAC wT=+216mr BaCl, aqueous solution; H.= 

24.2kG 

!~'Cs 1160 190ps [5/2] + 1.42 32 65AgOI IPAC wT=11.336mr, dilute BaCl,;n H 20; ll.= 
1 wT=17.834mr 15.16, 21.l7kG 

!:'Cs 11.2 47.0n. [5J +3.32 6 7IDrlO DPAC CsCl(pile n, } dissolved in 

H 20; H.=9.9, II.0kG 

!!'Ba 605 Spa [2] -0.006 70Be50 PAC wT=0.053* ""CsCI aqueous solution, 
or 1400 ,,;30ps [4] :;'0.002 H.=41.4kG 

~Unit not given, appears to be IO-'mr 

~!'Ba 662 2.55m [!l/2] negative 65Lu02 GAO IQI=iQ('37CS)! Co-C. Tutton salt, CU-C8 
-0.05 Tutton salt 

:~'La 535 490. [11/2=1=1 ±7.7 69Ge06, DPAC liquid sources Ce 2+ or Ce 3+ 

70Gel4 La 
,. 

; H.=4kG 

iAuthor's original value, 1=3/2 
!~OLa gs 40.2h (3) +0.092 66BI05 GAO p= 

/3 +0.110 16x 10-'/ern CMN al 111'-500 
~0.1I5 16 -1.42 12.10 -'/ern NE5 at l/T-88 

+0.104~ 10 tAverage. based on Q '39 = +0.22 

:~'Ce gs 9.0h (3/2) ±0.74:j: 12 63Ha07 GAO I NES, 1.2 10 4.2°K 

tU.ing <,-'>=4.44 au 

i!'Ce 255 34.4h (I1/2) ±0.693 66Bll7 GAO 

I 
NE5,CMN; used <,-3>=4.44 

and new tern erature Bcale 

au 

p 
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986 GLADYS H. FULLER 

Table J: Nuc1ear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleusl Level! T'I' 

! 

~:9Ce. gs ~ ]40d (3/2) 

!~'Ce 55 ! HOd (3/2) 

~~9Ce, ?os . ]1·0d (3/2) 

~:OCe 2083 3.4lno [4] 

, 
140 , 
5. Ce 2083 3.4ln5 [4J 

I 
::oCeI2083 3.41ns [4[ 

, 

::OCc 2083 3.4lm [4] 

!!'Ce gs 

::2Pr gs 

,~~3Pr 57 

33d (7/2) 

.33d (7/2) 

34h (.3/2) 

19.2h (2) 

! 19.2h (2) 

19.2h (2) 

4.17n5 [5/2J 

4.17ns [5/2J 

4.l7ns [5/2J 

3.4ps [2J 

[4) 

:'::0.95'20 

:'::0.92:1= 115 

:,:0.78t 16 

:'::4.60:1= 32 

'4.44 16 

±4.40 20 

I 
Q Refer. 

61 Kn02 

62Gr 17 

63Ha07 

6.3Ka0.1 

63Ko07 

Method 

GAO 
GAO 

GAO 

DPAC 

DPAC 

IPAC 

Measured Quantity Environment & Comments 

NES; G2~'1 

NES, CMN 

:fUsing <r -'>=4.44 all 

I NES, CMN 

~Using <,-'>=4.44 all 

I La(N0 3), in HNO,; Ho= 

20.07 JOkG 

tAverage for two different eascades 

,,)~210 5Mr/s liquid La(NO,}, in 3N HNO,; 

H o =39.5kG 

w=63.427Mr/s, 

:<::3.8040 64S,,16 DPAC 

La(NO,), in 3N HN0 3 ; LaCI 3 + 

FeCI, in 2N HNO,; H o =12.1kG 

La(OH), in Ce(HSO.).; Ho= 

16.5, 20, 24.5kG; /3= I 
1-4.0615 65Lel6 l}PAC La,O, in 3M HNO, aqueous 

solution; lJ .=29.7, 42.lkG; 

:':: 1.0'+ I 

:':: 1.1 O:j: 115 

:±:0.19 or 

:,:0.144 

:±:0.22 J 

or :'::0.14:1= 

negative P 

+3.2512 

+2.58 20 

:'::2.68' 28 

+0.264 

+0.18 19 

13=1 
+::0.404 * 73KI17 DPAC v 0=1.17 15MHz La,Mg,(NO,),,.24; used 

Q( 139La)=+0.2.30 lOb 80 

62Grl7 GAO 
55Ca48 

6.3Ha07 GAO 

63Ha07, GAO 
72ShOl 

58Dal2 

621.i06 

58Gr92 

62Li06 

70Hi14 

64Ko15 

66ZmOl 

68Tal2 

GAO 

GAO 

BAO 
DPAC 

{PAC 

[PAC 

Ce in NES 

:fUsing <,-'>=4.44 au 

I Ce in NES and CMN 

:j:Using <,-'>=4.44 au 

I '...,C" in NES and CMN 

:fUsing <,-'>=4.44 au. Analysis based on 

1=7/2; value not greatly affected by I 

tFor tHp= lor 0 

A=0.0027 J or 

0.0042:1 5cm- l 

tFor ill p= I or 0 

p..B'ff~+0.8a-ergs 

WT=0.377 26r 

g/3=+2.06 16; 

g/3= I. 13 11 

G2WT=0.22:~ 33, 

0.39 Ilr 

G,wT=14520. 

284 64, 404 96mr 

Pr in CMN 

'''Pr in CMN 

'''Pr in Te 

metallic and liquid sources; 

Ho~S8kG 

l43CC2(SO.), or 143Ce(SO,), 

in H 2S0 4 ; H o =6.3kG, 13=2.00; 

CeO, at 1400oK; llo=5.3 2kG, 

/3= 1. J 

cubic CeO,; H .=5.6, 8.5kG; 

G 2=0.98,t3=2.0 

dilute CeCI 3 ; II 0=2.8, 5.6, 

8.5kG; G,=0.80 4, 13= 1.42 

72Ku 10 IMPAC illl=-]] 2mr, 

corrected for 

beam-bending 

g/g;:o=0.40 10 

CEx with '6 0 5+ on '44Nd, 

recoils in Fc;II.=1.4kG,1l,.,= 

2.4 3MG; H;r ,=10.8 89MG-ps 

at 300 0 K 

671011 IPAC PmCl, in H 20; fI.=51.8 5kG; 

used /3=2.25 
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NUCLEAR SPINS AND MOMENTS 987 

Table J: Nuclear Moments by 
Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

N udeus Level T 1/2 I 

!!6Nd 454 

~~8Nd 300 

!!"Nd 300 

!~"Nd 300 

!~·Nd .300 

!~ONd 132 

~~ONd 132 

~~ONd 1.32 

!~'Pm !Is 

!~7Pm 91 

!~'Pm gs 

!~"Pm 137 

21ps [21 

[2J 

116ps [2] 

116ps [2J 

116ps [2J 

t [2] 

1.52n8 [2J 

1.52n8 [2] 

1.52n5 [Z] 

1.52ns [Z] 

55.9ps [4] 

265d 

360d 

360d 

[S/2or 

7/2] 

[5 or 

6] 

[5 or 

6J 

2.55n8 [5/2] 

2.55n8 [5/2J 

S,4,d (1) 

43d 
I 

[6] 

±O.SIt 5 

+0,4,4 6 

+0.48 10 

±0.43+ 3 

±0.41232 

+0.508 

+0.48 8 

+0.62042 

±0.69424 

±0.644 18 

+0.6810 

+ 1.28 20 

±3.75 50 or 

±3.95 

± 1.68 14 or 

±1.75 14 

+3.42 50 

~+3 

±1.8219 

±1.80 18 

Q Refer. 

68Be42 

72KulO 

67Be08 

68B,,42 

70Be36 

72KulO 

58Go72 

67Ku07 

688e42 

70Be36 

68Be51 

70B,,36 

72KulO 

63GrlO 

61Sh02 

63Gr1O 

60Bo 17 

60Ma03 

63Gr1O 

63GrlO 

Method I Measured Quantity I Environment & Comments 

IMPAC 

IMPAC 

g/gH(I52Sm)~ i
l 

CEx with 0. recoils in He. 

0.735 77 Ar; H ... ~25.S 25MG 

tused g/g;~8=1.2 1[67Be08]; g,.(I5'Sm)=0 . .35 

/lee-83mr i CEx with 160;+ on 146Nd. 

corrected for 

beam-bending 

g/g;!o=0.6914 

recoils in Fe;H, = J.4kG,H;,,= 

I
I 2.4 3MG,f1 ,T ,=10.8 89MG-ps a 

300'K 

tTl{2=19.4ps used in analysis 

IMPAC wT=6.912mr Nd'·(160 .0') recoils in ell; 

lio =16.6kG,I3(320 0 K)=2.1717 

AAC 

wr=0.36 3, 0.24 2, 

0.021 2r 

g/g,.('52Sm ) ~ 

0.614 

Nd recoils in fe, Co. Ni 

CEx with 0. recoils in gas 

tUsed g,,( 152Sm)~O.35 

AAC ",'T c =0.079/2r'/ns CEx recoils ill He; 

gIg:: °=0.6.3852 

IMPAC (l(J=-0.384r CEx with 160 ';' on '48 Nd , 

IPAD 

DPAC 

AAC 

{PAC 

corrected for 

beam-bending 

glg;:o=0.80 18 

recoils in Fe;li.=1.4kG.H; •• = 

2.4 3MG,1l ,T .=10.8 89MG-ps a 

3000 K 

:j:T,/,=85.2ps used in analysis 

wT=94.S 5mr CEx with I H on aqueous solu-

i lion of Nd(N0 3l, in HNO,: 

g/g2+(I52Sm)~ 

0.995 

! H o=16.0 3kG, fl=2.:l 3 

I CEx with 'H on solid Nd 

metal, 930"C; li o =25kG,I3=1.32 

CEx with 0. recoils in He, 

Ar, Kr 

",'Tc =0.194 1 fr'/ns recoils in He 

w'Tc =0.103 16r'/ns recoils in Ar 

C Ex recoils in Ar; H. = 
17.4 6kG 

IMPAC D.e=-0.313r CEx with 160 5. on 150Nd , 

GAO 

GAO 

GAO 

IPAC 

GAO 

GAO 

corrected for 

beam-·bending 

g/g~:o=1.00 

recoils in Fe;H 0= l.4kG.H;.,= 

2.4 3MG,H,T ,=10.8 89MG-ps 

A=±O.0293cm" Pm" in NES 

P"=O.OO22 3cm -lor CMN 

A=±0.022 2cm- 1 

P"=O.OOI25 20cm- 1 

Alk=±0.0091°K or 

A/k=±O.0079c K 

A=±0.00655cml 

Pm'· in NES; used <r">= 

36.8xlO"cm -3 

NES 

P"=0.00011 lcm lor CMN 

A=±0.00565cm'l 

P"=7.3 4xlO- 5cm- ' 
wT=+0.79Ilr 

(;,"'T=-0.38 9r 

where 0.5< G ,< 1.0 

A=±0.0354cm- 1 

P"= +0.0033 7em- ' 
A=±O.00583cm- 1 

aqueous solution of NdCI 3 : 

H.=ISkG,I>=2.2 

Nd,O, in alcohol; H.=13kG 

NES 

CMN 
NES 
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988 GLADYS H. FULLER 

Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level '1'", J I-' Q Refer. 

!~'Pm gs 53h (7/2) ±:-I.3.5 63GrlO, 
: (60ChlS) I !i 9

Pm 114 2.58n8 [5/2J ±2.3430 66SvOI 

I 

!~9Pm 114 2.58n5 [5/2J ±2.S! 33 69Ta08 

I 
!i9

Pm 114 2.58118 [5/2] 
I 

±2.08· 15 70Be67, 

69Be25 
!~9Pm 114 2.58ns l5/2J ±1.9520 70S,,!1 

!~9Pm 188 3.24ns [3/2J +1.08· 15 70Be67 

!~9Pm 188 3.24ns [3/2J ±2.26 70Sell 

i 

, 

!~9Pm 211 SOps [5/2] +2.IS" 35 70Be67 

!~9Pm 270 2.59ps [7/2J +2.21" 11 70Be67, 

69Be25 

!~9Pm 270 2.59ps [7/2J :;:3.64 20 70Sel! 

~~5Sm gs 340d [7/2] ±0.926 69Ka2! 

!~7Sm 121 780ps [5/2J -0.30 18 68B047 

!~7Sm 121 7S0ps [5/2J -0.26· 15 70Be67 

~~'Sm 198 1.31115 [3/2] -0.28 10 68B047 

!~'Sm 198 1.31 ns [3/2] -O.2S" 6 70Be67 

!~·Sm 551 7.35ps [2J +0.349 72KulO 

!~OSm 334 4Sps [2J ±O.63634 70Be36 

(68Be42) 

~~oSm 334 48ps [2J +0.556 72KulO 

!;'Sm 105 480ps [5/2J +0.52" 18 71Be23 

!~'Sm 168 760ps [3/2] +0.57· 12 71Be23 

+0.58· 12 

!;'Sm 122 IAns [2J :to.62 12 58Go72 

~;2Sm !22 [2] +0.7232 I 58Su55 

J. Phys. Chern. Ref. Dolo, Vol. 5, No.4, 1976 

Method 

GAO 

IPAC 

AAC 

IPAC 

IPAC 

TPAC 

IPAC 

{PAC 

IPAC 

IPAC 

IPAC 

AAC 

GAO 

IPAC 

IPAC 

IPAC 

IPAC 

IMPAC 

AAC 

1M PAC 

IPAC 

IPAC 

IPAD 

PAC 

Measured Quantity Environment & Comments 

P"=0.00088 20cm 
., 

CMN 

w7=0.377:j: 66r, NdCl, in H 20; H.=13.90 40, 

'dT= 1.8l:t 16r 51.6 5kG; used G 2 =0.81 3, 

fl= 1.92 

:j:Corrected for Compton events of (542'y)(I14y) 

of --8% 

G,w7=394 106mr, 

223 36mr; 

354 146mr 

G,w7=O.37 3t or 

G,w7=0.39 J4t 
:l:Unil not given 

G,wFO.7416:1: 

:j:Unit not given 

(;,w7=0.426t or 

G,wr=OA62+ 

tUni! not given 

1'-/1-' 
14' =1.12 ll, 

1.15 12 

c.O=-30 2mr 

g/g~:4=0.752 88 

w'7,=0.17719r'/l1s 

g/g;:'=0.93660 

c.O=-22.6 Ilmr 

g/ g;: 4=0.903 98 

w7=56.840mr 

'
49Nd,O, in dilute HCl; H.= 

!2.8,8.5kG for (424y)(l!4y); 

H.= 12.8kG for (542y)(114y); 

used G ,=0.80 3, fl= I. 92 

'''Nd(th n, ),dissolved in 

aqua regia; used G,=0.8! 

Nd,O, in HCI; (542y)(l14y) 

or (424y)(l14y); used fl= I. 93 

and G,=O.878 31 

'
48 Nd(th n, ),dissolved in 

aqua regia, used G,,,,,0.77 

Nd,O, in HCl; used fl=1.93 

and G,=O.62 12 calculated 

from data on 114 and 270keV 

levels; time-dependent 

interactions assumed 

'48 Nd (th n, ),dissoived in 

aqua regia; used G,= I 

'48 Nd(th n, ), dissolved in 

aqua regia; used (;,=0.S4 

Nd,03 in HCl: (26Sy)(l56y) 

or (268y)(270y); used fl= I. 93 

and G,=0.781 18 

NES, CMN 

aqueous EuCI,; 1i.=IS.3 3kG; 

used fl= l.16 

Sm(p, ); G,=1 

aqueous EuCi,: llo=18.3 3kC: 

used ,8= 1.16 

Sm(p, l: G,=I 

CEx with "0" 011 '''Sm, 

recoils in Fe;Il.=1.4kG,H •• ,= 

+2.3 2MG, fl,T ,= 10.8 89MG-p 

at 3000 K 

CEx recoils in He gas 

CEx with 1·05· on '50S m ; 

see '4Il Sm(55l), 72KuOl 

'50 Nd(pile 11, ); 

used fl=1.16 at 320oK; G=1 

'5<lNd(pile n, ); used (:l= 1.16 

at 320oK; G= 1 

CEx with 'H on aqueous solu-

tion of Sm(N0 3 ), in HN0 3 ; 

H o =l6.0 3kG, fl=1.l6 

CEx with 'II 011 Sm,03 on Cu 

foil; l! o=22kG, G,~0.6 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level 1',,, I 
i 

Q Refer. Meihod Measured Quantity Environmeni & Comments /L 

!~2Sm 122 1.4ns [2] ±0.23 15 I 600el6 IPAC "17=0.063 7r Eu 20, in HN0 3; G,=I. H.= 

±0.64:1: 11 19.0 2kG; {3<i.O 

t:.e/l!=-212 18mr/kG EU,03' H.=22kG; G,(3000K)= 

I 
or -1.00 29m rlkG 0.68 8 or G ,(I2000K)= 

0.55 7 

:ttising {3= 1.16 for liquid source and 3000 K data 

!~2Sm 122 1.4ns [2] ±0.56 14 60Ma38 IPAC G,w1'=37 9mr Eu 20, in niiric acid;llo=12kG 
I G,=1.00. 13, {3=1.15 

!;2Sm 122 1.4ns [2] +0.700 IlO 628a38 IPAC EuCI 3 in HCI, 300oK, {3= 1.15; 

anhydrous EuC1 3, ·'·1200oK. 

/3= 1.04; II 0 =23, 26kG 

!;'Sm 1122 l.4ns [2] +0.55451l 67Wo06 DPAD 152Sm powder(p,p'); 

{3(3300 K)= Ll3S 

!~'Smjl22 1.42ns [2] ±0.678 24 708e36 AAC W'1'c=0.20214, CEx recoils in He, Ar 
I ±O.692 21l (68Be51, 0.094 7r'/ns 

68Be42) 

!~2Sm 122 1.42ns [2] ±0.60 7 710017 IPAC dilute aqueous 152Eu2Cl,;lf.= 

21.8 IkG, 13=1.15; observed 

three distinct cascades 

!~2Sm 366 57ps [4] +1.22/5 72KuIO IMPAC tJ.1i=-O.313 IOmr CEx with 1.0 5' on '''Sm; 

g/g;:4=1.00 see 148 Sm (5S1), 72KuOl 

!~4Sm 82 3.02n5 [2] +0.5::\ 12 S8Go72 IPAC w1'=11O 8mr see 1S2Sm(122), 58Go72 

!~'Sm 82 3.02n8 [2] +0.57658 67Wo06 OPAD ""'Sm metal powdcr(p,p'); 

,B(3300 K)= 1.13S 

!;'Sm 82 .3.02ns [2] ±0.634 56 70Be36 AAC W'1'c=0.07914r'/ns CEx recoils in Ar 

±0.620 114 (68Be42) glg~~ '=0.917 28 
!;4Sm 267 165ps [4] 67B032 IMPAC w1'=-0.45· 5f CEx with 1·0 on 154Sm,1"'Sm 

ig/ 
152 

=0.68· 12, using [,,, '''(4+)=57.3ps 

!;4Sm 267 165ps [4] f 1.35 14 72KuIO IMPAC tJ.O=-88944mr CEx with 160 5' on '54Sm ; 

g/g;!4=1.07/2 see 148Sm(551), 72KuOl 

!;4Sm 549 23.5ps [6J +1.9028 72KulO IMPAC t!.O=-141 10mr CEx with 1.0 5
+ on 154Sm; 

g/g;:4=1.1213 see 1"Sm(551), 72KuOl 

!~'Eu 625 765n8 [11/2] +6.00 33 70KI07 DPAC w=2.7316Mr/s GdCI, in HCI; If"= I kG, 

,B(300"K)=0.S2 

!~9Eu 497 2,43/Ls [1I/2J +6.05 16 70KI07 DPAC w=2.75 7Mrls CdCI, in IICl; llo=lkC, 

{3(30()OK)=0.52 

!;'Eu 103 3.8n8 [3/2] + 1.05· 26 1 7IBe23 IPAC 152Sm(pile n, ); used G,= 

!;4Eu gs 16y (3) ±1.8821 I 62Ju06, GAO i Q/Q !;'= +0.62:{: 7 

0.85 5, /3(32()"K)=O.55 

lSolEu in NES; used Q "'/Q 151 

I 66BI05 =±2.75 17 and Q 151= 1.1 1 

~lising pl54 as corrected in [668105J 

!;5Eu 105 400ps [5/2] +2,47· 27 7IBe23 IPAC l54Sm(pile n, ); used G= I and 

{3(320° K)=O. 55 

!~2Gd 344 i29ps [2J 67Prl6 IPAC wT=+21 P 9mr 152Eu in Fe 

!!'Gd 344 29ps [2J + 1.16 22 69ZmOI IPAC (wT).,.=37.533mr Eu·_·Gd metal; ll,.,(85°K)= 

-320 15kG 

!!'Gd 344 29ps [2] ±0.85662 708e36 AAC ",'Tc =O.37855r'/n8 CEx recoils in He 

g/g~:·=1.003 80 

!!4Gd 123 L18n8 [2] ±0.72 12 61St04 IPAC ,,>=26.635Mr/s CdC]. at 980°C; llo=15kG, 

{3=1.042; G 2=O.8 

~;'Gd 123 LI8ns [2] +0.748 62Ba38 IPAC ' ",=48 4Mr/s anhydrous ''''EuCI, at 13000 K 

Ho=26kG, {3=1.042; G,=0.93 I 

~~'Gd 123 1.18ns [2] 67Prl6 IPAC w1'=+O.14 P 2r 'f>4Eu in Fe 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus! Level 

!!4Cd 123 

~!4Gd 123 

!!4Cd 1371 

~:5Gd 187 

~!5Gd 

!:5Cd 

~:5Cd 1105 

!~'Gd 119 

!~6Cd 89 

!!6Cd 89 

!!6Cd 288 

~!·Cd 288 

~~6Cd 1513 

~!·Cd 79.5 

~;·Cd 79.5 

!:9Cd gs 

!:oCd 175 
i 

~:oCd 175 

156 I 
65 Tblgs 

i 

"9Tb I 
65 I gs 

!;9Tblgs 

1"i2 

I 18ns 

1.18n5 

.39ps 

6.66n5 

6.6tms 

6.66n5 

1.1 ns 

2.22n5 

2.22ns 

2.22n8 

lISps 

liSps 

190ps 

2.49n5 

2.49n. 

ISh 

2.7ns 

2.7ns 

S.4d 

I Ii 

[2] +0.90 10 

±0.854 28 

[2] ",0.86 7 

[4] 
I 

(5/2) :to. 73':~ 
:':.0.90:1:' ;~ 

(5/2) -0.97" 23 

(5/2) -0.92' 10 

(3/2) +0.68" 19 

[2] +0.64 6 

[2] +0.592 36 

[2] =0.680 26 

[4] :t 1.32" 48 

[4] + 1.48 20 

[4] +3.12 20 

[2] +0.63050 

[2] ±O.664 36 

(3!2) ±0.44 3 

[21 +0.606 52 

12] ±0.64630 

(3) :':. 1.40, 18 

± 1.41 e 18 

(3/2) 

(3/2) 
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Q Refer. 

70Be36 

(68Be42) 

70Wa26 

67Prl6 

64Bo16 

66Hr02 

66Hr02 

71Be23 

71Be23 
: 

62Ba38 

67Wo06 

70Be36 

678032 

68We17 

68Wel7 

67Wo06 

70Be36 

71Krl9 

70Prl3 

67Wo06 

70Be36 

+ 1.45 621.001 

+ 1.40'45 63BI25 

+ 1.30 63BI24 

(62Lo12) 

+1.32'10 63Bl25 

Method Measured Quantity Environment & Comments 

CDPAC W(I ",)=28.1 41mr '''''Gd recoils in He; H.= 

17.4 6kC; 1 ... =735 30ps; 

for I/r= 1.043 48:G 2 =0.8,38 15 

and G .=0.587 29 

AAC w'T o =0.37624, CEx recoils in He,Ar 

0.161 13r'/ns 

AAC g!g~:6 =1.l18 '''''Eu,03 and '56 Eu,03 in 

G,/C;56=1.23 17 l.ON HCIO.; assumed electric 

interaction negligible and 
156 =0.389 11 g2+ 

IPAC WT=+ I5" 4mr ""Eu in Fe 

gig;: ' =±O.S3 27 

AAC A=20.6:~:MHz I155TbCI3 in H,O; used 1-'~~5= 
155 

0.2542. A •• =11.9 4MIlz 

:j:lnternal field corrected [or 1l.=28kG 

IPAC w=+45.8 103Mr!" anhydrous TbCI 3 +GdCI 3 at 

DPAC w=+45.3 33M rls 1300·C; H.=23.7kC, /3=1.044 

IPAC Cd(p, ); used f3(3200K)= 1.22; 

G=0.922 

IPAC Gd(p, ); used /3(3200 K)= 1.22; 

G=I 

IPAC wr= 133 5mr anhydrous ''''[uCI, at 1300"K 

Jj o=26kC, /3= 1.042; G,=0.89 2, 

G .=0.85 2 

DPAD : CEx with 'H on ' 56Cd-Cu 

liquid metal at 11200K, /3= 

1.086 15 

AAC w
2
r,=().245 18r'!ns CEx recoils in He 

g!g;~ 4 =0.807 39 

IMPAC wr=0.087 20r CEx with '·0 on ''''Cd on Fe 

IPAC Cd melal(d,2n) at 77°K; H.-

13.2kG, 1I.,,=-312 15kG 

IPAC g(l513)/g(288)= Cd metal(d,2n) or 

2.1027 Tb metal(y,3n) at 77°K; 

IJ .'~ 13.2kG, IJ 0,,=-312 15kC 

DPAD CEx with 'Il on Cd-Cu liquid 

metal al 1120·K; (:J=I.OS6 15 

AAC ";1' 0=0.220 24r'/ns CEx recoils in He 

g!g;:4=0.76548 

GAP Il-'ll!IkTl=0.24 I GdFc,(pile n, ); II h(=+453kG, 

T=20 ImoK; sign of Ii not 

measured 

DPAD CEx with 'll on Cd-eu liquid 

metal at I 1200K, /3=1.086 15 

AAC ",'To =0.21520r'/ns CEx recoils in He 
/ 15. gg,. =0.75643 

CAO A/k=:':.0.113 1000K Tb in NES 

Plk=+0.0015 15°K 

SpHI A/k=+0.150"K Tb metal; 1'=0.37 to 4.2°K; 

P/k=+0.021°K used <r-3 >=8.63a.u. 

Spill 
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Table J: Nuclear Moments by 
Perturbed Angular (~orrelation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus! Level ! 1'1/' I iJ- Q Refer. Method Measured Quantity Environment & Comments 

~~9Tb gs ~ (3/2) (+0.82t) 64Va27 SpHt A/k=+0.IS2 rK Tb metal; 1'=0.05 to 0.9DK 

P/k=+0.0134°K 

tUsed 63Bl24, 63BI2S and 62Lol2 
!~9Tb gs ~ (3/2) (+0.99:1:) 69Krl9 Spilt Alk=+0.149"K I Tb metal; 1'=0.03 to O.SDK 

Plk=+0.01S8°K 

tUsed 63Bl24, 63BI25 and 62Lol2 
!~OTb go i72d (3) :1:1.6025 +1.95 60Jo12 GAO Alk=+0.12520"K Tb in NES al 0.02DK 

:1:1.56' 25 +1.87'70 63BI25 P/k=+6.1 22m DK 

!!'Dy go IOh [3/2J :1:0.21 5 61Na04 GAO A/k=0.032 8"K Dy in NES at 0.02°K 
~!7Dy gs 8.lh [3/2J ",0.322 61Na04 GAO A/k=0.048 3°K Dy in NES at 0.02°K 
!:8Dy 630 ? [6[ :1:2.16+42 71 Ka68 IMPAC natural metallic Gd(a, ), 

at n.170,257,300DK; finds 

II ,ft'-2.8,2.3,0,OtMG; II ,7 " 

15tMG~ps from wr(t) 

:j:AsBumed 1I(6+)=g(8+)=g(2+)=0.36 for 160.16'Oy 

!~ODy 87 2.0n8 [2] :1:0,48 14 60Ma38 IPAC G,w7=0.193r Tb,03in HCI a1340oK; 11.= 

i :1:0.54+ 16 tFor /3=5,4 12kG, G ,=0.80 f2, /3=6.0 
!:oDy 87 2.0n8 [21 ::':0.839 61Ku03 IPAC Tb,O, at ,100,:,4(J,1333"K; H.= 

:1:0.99+ 11 18.3kG; used {l=7,2,4.55,2,4 

tFOT /3=6.02, 3.8, 2.0 
~:oDy 87 2.0,,8 [2J +0.58 18 62Co28 IPAC wT=-2.50 70r DyFeGarnet; used H c,,=600kG 

f rom !VI oS8baucr 
!:oDy 87 2.0n8 [2J :!0.72822 65Gu02 DPAC w=3511 llMr/s TbCI, in ,1M HCI; II o=33.SkG, 

10.70438 IPAC G,wr=4,39 12mr {l=6.02 for DPAC; 1J,=20.19kG 

:1:5 1 AAC G,=0.740 20, G.= /3=6.07 for IPAC 

0.597 25 

~:oDy fl7 ; 2.00s [2J :!; 1.67+36 69Fo08, DPAC 16<JTb in HCLO., H 2S0 4 , HC1; 

::':1.76t39 70Wa25 OPAC +Q(l-R) used g=0.346 11 
!:oOy B7 2.05n5 [2J :to.71234 70Be36 AAC w'Tc=0.281 27r'/ns CEx recoils in He 
!:oOy 966 2.2ps [2J +0.46" 22 68Ca26 PAC magnetized Cd alloy 
~:oDy ,966 2.2ps [2] +0.3612 69SiOl IPAC "JT=14.313mr Dy in Tb metal, single 

crystal; llo=13.6kG, H,.,= 

S.64MG 
!:IDy 26 28.4ns (5/2) +O.7S P 9 71Be23 IPAC l('''Gd(pile n, ); used (/= 

+0.78"9 DPAC 0.38 10, /3(320"K)=5.7 
!:IOy 75 3,4n8 [3/21 ~0.35· 5 71 Be23 [PAC 16<JGd (pile n, ); used G=0.B9 

f3 (320·K)=5.7 

!:'Dy 80.7 2.25n8 [2J +0.72448 67Ku07 DPAC Dy-Cu eutectic liquid at 

880°C(pulsed p,p'); H .=25kG, 

/3=2.30 
~:20y 80.7 2.25ns [2J ::':0.68628 70Be36 AAC w'T c =0.26122, CEx recoils in He, AT 

0.100 14r'/ns 

g/g;~O =0.964 62 
!:40y 73.3 2.39n8 (2J +0.64250 67Ku07 DPAC Oy~C u eutectic liquid al 

B80°C(pulsed p,p'); H.=25kC, 

/3=2.30 
!:4Dy 73.3 : 2.3908 12J :to.730 30 70Be36 AAC w '7 c =0.296 24r'lns CEx recoils in He 

g/g;~O = 1.026 65 

~~5Ho g' I "table (7/2) 64Va27 SpHI A/k=+0.320 5'K Ho metal 

I P/k=+8.0 15m'K 
!~5Ho gs I ,table (7/2) 69Kr19 SpHt A/k=+O.319°K 110 metal, 1'=0.0310 O.5'K 

P/k=+4moK 

!~6Ho 9 Uk)' [7J ::':4.14"t17 59Po62 GAO A/k=0.24 2°K. [or Ho in NES single crystal 

I I 
1=7 

i tUsed iJ-
165 =4.122. A 165/k=0,478 l"K 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level 1'1/2 I JL Q I Refer. Method Measured Quantity Environment & Comments 

!~6Er .144 47.9ps [2] g,,-:tO.39 70NoOl AAC G 2(344)=0.234 I20Sn(40 AT,Ar') recoils in 
453 7.83ps [4] to 0,42:j: G ,(453)=0. 73 8 vacuum; assumed H-41 7lVIG, 

I T o=3ps 

tDepends on model used 
!~8Er 193 133ps [2] g .. ~":tO.34 70NoO] AAC G,(l93)=O.07 5 122S Il (40 Ar ,Ar') recoils ill 

356 20.8ps 141 to O.39:j: G ,(356)=0,4 7 4 vacuum; assumed H·-41 lMG, 
434 4.04ps [6] G,(434)=O.93 8 To=''lpS 

tDepends on model used 
!:oEr 264 49.8ps [4] g ,,-:to.26 70NoO] AAC G,(264)=0.31 5 124Sn('0 Ar,Ar') recoils in 

376 7.77ps [6] to O.39:j: G,(376)=0.825 vacuurn; assumed H-- 41 lMG 
465 4.04ps [8] G,(465)=1.089 T ,=3ps 

:J:Depends on model used 
!!6Er 80.6 1.82ns [2] :to.56 10 60Ma.38 IPAC wT=O.14 2r 166 110 in dilute fiNO,; l:l o=5kG 

:to.62:j: 12 :j:For f3=7.0 (3=7.7, G,=O.78 12, G.=O.55 5 
!:6Er 80.6 1.82n5 [2] +0.520 68 618005 IPAC w=+140Mr/s HoCl, aqueous solution; 

to.614+80 63Ge09 tFor (3=7.08 H o=13.55kG, {3=8.36 

!~6Er 80.6 1.82n5 [21 :to.71 12 61Ku03 IPAC 110,0, at 80, 300, 1333c K; 

!:6Er 180.6 

:to.76:1 12 used (3=25.2, 7.9, 2.6 

:fFor (3=25.5, 6.8, 2.35 

1.82n5 [2] to.658 54 67Ku07 DPAC Er-Cu eutectic liquid at 

930C C(puised p,p'); flo =25kG, 

,/3=2,48 

!:6Er 265 120ps [4] + 1.08 10 63Ge09 JPAC wT=836mr, dilute aqueous HoCl, 801u-

corrected for tion; H o=53kG, {3=7.08 

other cascades 

~:6Er 265 120ps [4] 68De28 IMPAC wT=O.60 5r CEx with 160 on 166Er on 

polarized Fe foil; find Il .,= 

I -2.23MG 

~:·Er 265 120ps [4] 11.18"7 72Mi2! IPAC wT/{3=6.20 2/mr Ho metal(n, ); HoCI,; 

H.=25,4 3kG 

!:8Er 79.8 1.91ns [2] +0.506 62Bo18 IPAC wT=48551mr Tm(NO J ),in.3N HNO,; ll.= 

+0 .. 53:16 G,=0.86 7 20.3kG, ,/3(3000 K)=7.26 

Wor {3=6.82 

!~8Er 79.8 :1.91ns [2] +0.688 50 67Ku07 DPAC Er-Cu eutectic liquid at 

930°C(pulscd p,p'); If .=25kG, 

{3=2.48 

!~·Er 79.8 1.91n8 [2] ::':0.610 20 708e36 AAC w'T c =0.19913, CEx recoils in He, Ar 

0.100 llr'/ns 

!:8Er 264 ]20ps [4] +1.08:116 68De28 IMPAC wT=0.60 5r CEx with 160 on 168Er on Fe 

g/g!~·=1.00 foil; flh(=-2.2 3MG 

:j:Used g!~. = 1.08 10 

~:8Er -780O '! [4] -0,45 74 70Bel3 :): t:.E=O 6JLcV 167Er metal crystal (polar-

ized n, ); 1l./f-6.2MG; 

assumed I-' 
167 =-0.56 

tMeasured energy shift of neutron resonance 

in strong magnetic field 

!~8Er ~'7800 ? [3] :t5.9 12 70Bel3 :I t:.E=-43.5 80 /LeV 167 Er metal crystal (polar-

ized n,-); H. If-6.2MG; 

assumed J.L 
167 =-0.56 

:j:Measured energy shift of neutron resonance 

I 
in strong magnetic field 

!~OEr 79 I. 90ng 12] +0.65850 67Ku07 DPAC I Er-Cu eutectic liquid at 

930°C(pulsed p,p'); H o=25kG, 
, 

{3=2.48 

~~oEr 79 1.90n8: [2J ::,:0.71430 70Be36 AAC w'T c =0.27323r 2/n8 CEx recoils in He 

g/g;~·=LI7l 62 
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Table J: Nuclear Moments by 
Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level T'l' I /1- Q Refer. Method Measured Quantity Environment & Comments 

!~OEr 261 13Sps [4J ± 1.25~21 68De28 IMPAC wr=0.626r C Ex with 160 on I7°Er on Fe 

g/g!~6=0.92 foil; H b,=-2.2 3MG 

Wscd g!~6=1.08 10 

!!9Tm 118 62ps [5/2] +0.50 15 60Ma38 IPAC G,wT=5.6 17mr 169Yb,O, in dilute HNO,; H.= 

+0.54:1: 16 Wor {3=5.2 13kG, {3~5.6, G2~ I 

!!9Tm 118 62ps [512] +0.61 12 65Bo08 PAC G,wr=5.92mr YbCl 3 in H 20; H.=10.8 4kG, 

J3=S.3l, G 2 =0.99 

!:9Tm 118 62ps [5/2] ±0.73:1: 12 66KoOI !PAC g(l39)/g(l18)= LulG at liquid N temperature 

1.28 12 

Wsed g(139)=0.37 4 

!~'Tm 118 62ps [5/2] +0.798 68Ka14 {PAC wr=-2!.822mr Yb,03 in HCI; fi.=32.57 30kG, 

/1-r=70.2 7lnm-p. {3(308°K)=4.98, G2~ 1 
!:9Tm 118 62ps [5/2J +0.72 15 69GuOl IPAC /1-",.=64.5 70nm-ps YbCI, in 3N HCI; H .=22.0 6kG 

{3(3000 K)=5.08 

!:9Tm 139 320ps [7/2] ±1.2217 658008 IPAC G 2wr=41.740mr YbCl 3 in H 20; H.=10.8 4kG, 

{3=5.31, G,=0.95 

!!9Tm 139 320ps [7/2J + 1.30 7 68Kal4 IPAC wr=-1334mr Yb,O, in HCl; H.=32.57 30kG. 

I-'T=600 24nm-ps {3(308°K)=4.98, G ,=0. 956 12 
!!9Tm 1.39 .320ps [7/2J + 1.28 8 69GuO! IPAC I-'r=58829nm-ps YIlCI, in 3N HCI; H .=22.0 6kG 

(3(3000 K)=5.08 
!~9Tm 139 320ps [7/2] 72Be43 PAC Q(l39)IQ(118)= 168Yb implanted in Fe 

AAC 1.0·2 

~:9Tm 316 660n8 [7/2] ±0.IS48 72Ni03 DPAC w=6.30 35Mr/. 169Yb(C
2
H

3
0,)3 soilltion; 

~:9TmI379 
H.~5.98kG. {3(3000 K)=5.08 

36n. [712] ±0.959 d'74 67Ni05 DPAC ",=85.1 34Mrl. Ybel 3 in HCI; H.=12.87kG, 

{3=S.08 

~;'Tm 117 SSp" [5/2] +0.81 37 
I 

68Ka14 IPAC wr=-20.280mr 171 Er 20 , in HCI; H.=32.,~7 30 

/-LT=6526nm-ps kG, {3(308°K)=4.98, G2~1 

!~'Tm 129 362ps [7/2J +0.9418 65Ag02 IPAC ErCI, in H 20; llo=21.47kG, 

(3(3000 K)=5.08, assumed G,=I 

!~'Tm 129 362ps [7/2] + 1.44 14 68Ka14 IPAC wT=-16815mr mEr,O, in HCI; H.=.32.57 30 

I-'T=756 67nm -ps kG.{3(308°K)=4.98;G,=0.94913 
I 

;:9 Yb gs 32d [712] =,-0.639 72Krl8 GAO 8,=0.59 10 Yb-Au;H;nt=l.77MG; T=18 2m OK 

.:l{k=±11.715moK 
;~oYb 84 1.58ns [2] +0.66 4 65Ti02 DPAD CEx of I7°Yb metal target 

;~2Yb 78.7 1.6n8 [2] +0.60868 MGuOI PAC wr=.3053fmet LuCIa in dilute HCl; H.=35.9 

tUnit not given kG, ,8=2.58 10, G,=0.95 2 

;~'Yb 78.7 1.6ns [2] +0.558 28 66TiOl DPAD I72Yb melal(p,p') 

;~2Yb 78.7 1.6n8 [2J +2.7 7 69Fo07 DPAC Q(l- R)=2.16 37b Er,O, in HCIO.; used R~0.2, 

70Wa25 g=0.3285 

;~2Yb 1174 7.95ns [3] +0.674 65GuOl IPAC LuCl, in O.IM Hel; H.=28kG. 

(3=2.S8 13 
;~2Yb 1174 7.95ns [3] ±.3.6~ 10 70Ral8 DPAC w.(l174)/w.(79)= Vb in Tm metal; Tm,O, 

0.536 

Q(lI74)/Q(79)= 

±1.3315 

Wsed Q(79)=2.7 7 

;~2Yb 1174 7.9Sns [3] ±3.6* 10 70Wa25 DAAC Q(l174)/Q(79)= I71Er,O, in IN HCIO., in 

1.32 14 16.4N HCl at-30·C, and in 

ethyl alcohol at +20°C,-84°C 

Wscd Q(79)=2.7 7 

'''Yb 1174 ; 7.95ns [3] +0.61 9 71Wa03 {PAC wT(l174}lwT(79)= used g;: '=0.3328 from Moss. 
70 I 

I 3.01 33 I 

J. Phys. Chern. Ref. Oata, Vol. 5, No.4, 1976 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat .- Continued 

;~'Yb 79 

;~'Yb 179 
i~'Yb :351 

;~'Yb 7h." 

;~5Ybl'g" 

;~5Yblgs 
! 

;~5Yb g5 

;~6Yb!82 

17'1 12- 1 71 .U i :) 

;;'H[ 93 

38ps 

36ps 

: OA5ns 

1.79115 

4.2d 

4.2d 

[7/2] 

[9/2J 

[1112] 

[2J 

17/21 

[712] 

4.2d [7/2] 

J .76ns [2] 

1001's [9/2] 

lOOps [9ILJ 

42ps [ 11/2] 

1~5d [2312] 

lAO", [2] 

• SOOps [9/2] 

: SOOps [9/2] 

SOOps [9/2J 

500ps [9/2] 

9Bps [11/2] 

660ps [9/2] 

1.50n5 [2] 

1.50ns 12] 

I.S0ns [2] 

1.50n5! [2] 

i l.SOns I [2J 

-0.203' 66 

+0.27' 36 

-0.71'7/ 

+OA9426 

:':0.154 

:':0.18' 5 

"'0. 23":j: 

or 0.33 ':j: 

",OAO 5 

+0.59830 

+ 1.5 5 

+Ul120 

+ 1.99* 15 

+ I. 9t 6 

+0.532 42 

+0.82 22 

:,::1.1415 

+ 1.09" 6 

:'::1.13'5 

+-1.43 50 

+2.6:1: 8 

-0.50B 17 

to.71 7 

+ 0.S8 d 4 

+0.598 

+0.464 28 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 

Q 

6t 2 

Refer. 

72Ka13 

72Ka I:, 

72Ka13 

66TiOl 

S7Gr51 

62Li06 

71Spl6 

(57GrSI) 

72Kr18 

66TiOl 

Method 

PAC 
PAC 
PAC 
DPAD 
GAO 

GAO 

GAO 
DPAD 

60Ma01 !PAC 

65Ka05 [PAC 

69Wa30 

66De08 IPAC 

Measured Quantity Environment & Comments 

'''Yo metal(p,p') 

Yb(C 2 i1 sS0.),9 

ion implantation in YES; 

H en=l.77MG 

ion implantation in Au 

tFor y- mixing ratio + or -

tAssumed H,,,=I.77MG as for YES 

1l,=0.31532 Yb-Au;H,.,=l.77MG; T=18 2m'K 

176Yb metal(p,p') 

WT=14.S 14mr 

WT=lS.6 12mr 

wT=17.5l6mr 

17'yb20 , in dilute HNO,; 

lI.=13kG 

Yb metal from Yb,O,(pile n,) 

H .=52.2" 50kG, assumed (3~ 1 

Yb(NO,), in H,O; H.=52.3 5kG 

I 175 YbI G 

tBased on average (,)7=15.86 85mr 

I175Yb in Fe foil 

tU sed g m( 1l4)= +0.403 44 to obtain II ;.,= 

-33842kG 

+12.614 66BI05 GAO QIQ,,=+2.33 25 Lu in NES 

6BBe04 

60Ma03 

62B027 

62Ma42 

69Ni15 

68Br15 

69HulO 

62Bol3 

62Ka14 

67Gi02 

68Be04 

71Gu06 

IPAC 

IPAC 

IPAC 

IPAC 

[PAC 

IPAC 

lPAC 

IPAC 

IPAC 

wT=43.930mr 

G,wT=·9.1 14mr 

WT/H=+0.824 d 25 

mr/kG 

WT2~/wTI13== 

0.236 

CEx recoils in liquid Ga; 

G=0.982 23; H. nol given 

LU 20 3 in nitric acid; Ho= 

13kG; assumed f3=I, G,=I 

Lu(NO,),+H,O; 1l.=26.30 24kG 

dilute aqueous LuCI,(pile n) 

If.=29.2, 53.lkG; G 2 >O.98 

(H in! uncertain ~ IO%,65Ma27) 

H.=IB.48kG 

Lu(pile n,) implanted in Fe 

Wor ['/2=55 5ps [73G047] 

foils; H in,=- 140 10kG 

Lu in Fe foil; H.=IOkG, Ifhi= 

-2B6 40kG using data of 

62Ma42 [or gT(113) 

'v.,.= 182 17mr aqueous (NH.), WO,;H. =49.55kG 

(H"" uncertain ~ 10%,65Ma27) 

wTjH=+3.0 2mr/kG "'w in HF acid;Il.=25.2,45.7 

kG; G 2 =O.74 9, (;.=0.BI8 46 

IMPAC wr=46.128mr 

(H "" uncertain ~ 1O%,6SMu27) 

CEx with 0, re"oils in Cu; 

H.=16.6kG; X=O.913 87 

IMPAC ",r=41.218mr CEx with 0, recoils in 

liquid Ga; G,=0.982 23, If. 

not given 

1M PAC wQT(178Hf+"'''Hf) CEx with 'He and "0 on Hf 

=0.34 3r at room T metal crystal 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heal - Continued 

Nucleus! Level! T'I2 

~~OHf 1
93 

I 

:~oHf 1
9:-1 

:~oHf93 

:~ 'Ta 482 

;~ITa 482 

;~'Ta 482 

;~'Ta 482 

:~ 'Ta 482 

:~'Ta 482 

;~'Ta gs 

::'W 100 

:!'W 100 

i:'W 100 

::'W 100 

::'W 100 

::'W 329 

::'W 329 

1.50n8 

1.50ns 

LSOns 

71ps 

10.8ns 

10.8ns 

[2] 

[2] 

[2] 

[4] 

[5/2] 

[5/2] 

1O.8ns [5/2] 

1O.8ns [5/2] 

1O.8n8 [5/2] 

1O.8n8 [5/2] 

10.8ns [5/2] 

115d [3] 

1.37n8 [2] 

] .37n. I [2] 

1.37n. [2] 

1.37n8 [2] 

1.37n8 [2] 

1.37ns [2] 

1.37n8 [2] 

1.37n8 [2J 

64ps [4] 

64ps [4J 

+0.757 65 

,0.626 70 

+0.52630 

+2.34 

+3.23" 5 

'3.23 d 5 

+3.03"p 18 

±3.320· 25 

±3.30· 12 

±2.62 

+0.403 38 

±0.49' 7 

..to.6S' 10 

+0.67 9 

+0.74/2 

+0.47840 

+0.466t 54 

+0.49848 

±0.S20 22 

+0.38 10 

+0.64·:j: 28 

+0.7324 

+0.84< 28 

Q Refer. 

61B025 

67Gi02 

68Be04 

1 61B025 

62Bo09 

positive 63Be46 

63MalO 

64Ag02 

67Ka26 

69Ni14 

701.i16 

72Kr05 

62Go17 

63KI04 

63Ko02 

MSc21 

65Chl4 

72Gr22 

65Eb03 

70Be36 

71Sc12 

67B032 

67Gi03 

67Be4S 

Method 

IPAC 

IMPAC 

IPAC 

IPAC 

DPAC 

4: 

DPAC 

CDPAC 

DPAC 

DPAC 

DPAC 

[PAC 

GAP 

IPAD 

IPAC 

DPAC 

IPAC 

DPAD 

IPAD 

IPAD 

Measured Quantity i Environment & Comments 

! wr=166+ 13mr liquid HfF. in HF; H 0~42.5kG 

(H"" uncertain--I 0%.65Ma27) 

: :j:Paper quotes WT~ 1.66 13 (Unit not given) 

, 'ilT=49.2 25mr I CEx with 0, recoils in Cu; 

I Ho~16.6kG, X~0.913 87 

I 

")T~46.7 20mr 

WT~O.91 16° 

w~ 134.3 7Mrls 

CEx with 0, recoils in 

liquid Ga; G=O.98Z 23; H. 

not given 

liquid HfF 4 in HF; H 0~53.2kG 

(H"" uncertain -10%,65Ma27) 

HfF.+H,O; Ho~2Ll5 20kG 

HfOCI,.8; (NH.),HfF 6 single 

crystals 

tObserved circular polarization of 482y 

Hf0 2(pile n, ), dissolved in 

w~114Mrls 

"Q=52.66MHz 

,,~152 5MBz 

B ,==0. 705 23 

8.=0.0825 

tl/k=21 2moK 

G 2WT=2° 5' 

wT=2° 56' 

w=47.S 56Mr/s 

WT~103 16mr 

26N HF; Ho~29.8 3,32.0S 32kG 

(H .. , uncerlain- 10%, 65Ma27) 

HfF.in 27N HF; H.""20kG 

Id".y~30.6, 40.0, 41.0ns 

dilute HfF 4 .0Iution;H.~20kG 

II .=22kG 

Hf single crystal 

II <e.~24.2kG 

,s'Ta + 54MIl in Fe; Hhf=-656 

kG; T=24 2mOK 

CEx with 'H on '8'W metal; 

1l.~20.3 2kG; G,~0.925 30 

Ta metal; H. =3SkG; G ,~0.82 

Ta in HF+HNO,; llo~35kG, G,~I 

liquid TaF in HF; 

G,=1.5 12, G.~0.91 5 

(II"" uncertain-IO%, 65Ma27) 

CEx with 'II on II12W metal; 

H.-34kG 

Moss. scattering from W foil 

using Ta source at 15°K; H.~ 

22.SkG. assumed i3~ I, OJ ,;=0 

tCoherence effects ignored in analysis 

CEx with 'II on '8'W metal; 

II 0 ""41.6kG 

AAC w2Tc~0.0506 41 

r'/ns 

CEx with 0, recoils in He 

gas 

IPAC G .wT~O.028 7r 

1M PAC wT •• ~+32 13mr 

"'1',. ~+ 1.00 25r 

powdered Ta metal(pile n, ); 

Ho~15.9kG 

CEx with ° on WO" recoils 

in Fe; used g2. ~0.244 to 

obtain II ",,~-430 lOOkG 

iAssumed pure magnetic interaction 

IMPAC wT=35 9mr CEx with 0, recoils in Fe; 

assumed H;,,~460 45kG, X~ 

0.973, G ... =0.87 4 

Used conical magnetic field calculations to 

account for anomalolls field on recoils 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat Continued 

;:'W '1289 1.04ns ]2] 

::'w .1289 1.04ns [2J 

::'W 1374 2.25n5 [3J 

:!3W 99 700ps [5/21 

;!4W III 

::'W;111 

;:·W 123 

::6W 123 

;!6 W 123 

;:·W 123 

1.26ns [2] 

.26n5 [21 

.20ns [2] 

.26n5 [2] 

26ns [2J 

i3.5p5 11] 

13.5p5 [4] 

1.01 ns [2] 

1.01 ns [2] 

LOIns [2] 

l.Olns [2] 

Ul1 rIS [21 

LOIns [2] 

l.Olns 12] 

" 25.4p5 PI 

+ 1.00 24 

±1.83" 24 

±0.096· J 2 

+0.55 28 

±0.6:1 8 

±0.55734 

10.564 36 

+0.;;5050 

+0.62' 8 

+ 1.20 3(, 

+1.38"40 

+1.14/4 

+0.58454 

+0.77+ 7 

+0.56' 12 

.. 0.70 7 

+0.702 60 

±0.644 2(, 

+0.7652 

10.8r 60 

J. Phys. Chern. Ref. Dala, Vol. 5, No.4, 1976 

Q Refer. 

68Bh02 

72SeIS 

72Sel5 

67Gi03 

64KoH 

65Eb03 

65Sc05 

67Gi02 

71Ka33 

67Gi03 

678e45 

70Ge06 

62(;017 

65Ch14 

72Gr22 

6:,Eb03 

63KlO2 

67Gi02 

Method 

IPAC 

IPAC 

IPAC 

IMPAC 

IPAC 

IPAC 

IPAD 

DPAD 

IMPAC 

AAC 

Measured Quantity 

wT=-11626mr 

wr=9813mr 

wy=20726mr 

Wy= 17.4 90m r 

Q/Q 182(100)= 1.0 1 

i Environment & Comments 

I 
i fi.=32.5kG 

Ta powder(n, ); H.= 15.9kG 

Ta-Fe(n, ); fi; .. =598 13kG 

CEx with 0 on W, recoils in 

i Cu; II 0= 16.6kG, X=O.97 3, 

G,=0.95 2, (1.=0.97 2 

KReO.+H,O; H o =49.8kG; 

(;,=0.9020, G 4 =0.85 II 

W metal(d,p); H.=49.8kG, 

(;4;;,O.9:~ 5 

CEx with 'H on II14W metal; 

1I0"A1.6kG, G,=0.916 21 

CEx with 'H on W mctal 

CEx with 0, recoils in Cu; 

X=O.91288 

CEx implantation into Gd 

single crystal 

IMPAC wT=40 IOmr CEx with 0, recoils in Fe; 

assumed fi,,,=460 45kG; 

(;,=0.84925, G.=0.900 18 

IPAC 

IPAD 

IPAD 

IPAC 

Used conical fidd calculations to account 

for anomalous magnetic field on recoils 

wT=-51.730mr W in Fe at 3000 K; used g,+= 

wT,+=-146166mr 0.2829 and 1',+=1.26n5 to 

g/g,+=1.0214 get H;.,=-610 35kG 
CEx with IH on IS6W metal; 

H.=20.3 2kG; G 2 =0.940 25 

Moss. scattering from W foil 

using 186 Re source at ]5°K; 

1l
0
=22.5kG, assumed ,8=I,w,:=O 

tCoherence effects ignored in analysis 

g; ~ '.184.186=0. 276 W metal 

IMPAC wr=38.923mr CEx with 0, recoils in Cu; 

H.=16.6kG, X=0.94 6; 

G,=0.900 27, (;.=0.947 19, 

G ... =O.9291O 

67Ku07 I DPAD CEx with 'H on po!ycrystal

line W metal at room '1'; 

H.=33kG 

70Be36 AAC 

71 Ka33 AAC 

67Gim IPAD 

678e45 

W'Y,=0.0774 63 or 

0.046336r'/n8 
gig ,.,( ]()O)= 

1.237 71 

Q! Q 18'( 100)= 

1. 2 2 

wT=12.S 80mr 

CEx recoils in He or Ar gas 

CEx implantation into Cd 

single crystal 

CEx with 0, recoils in Fe; 

assumed H;.,=460 45kG; 

G,=0.900 27, (;.=0.947 19 

Used conical field calculations to account 

for anomalous magnetic field on recoils 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus Level 1'1/2 I Q Refer. Method I Measured Quantity I Environment & Comments fL 

~:3Re gs 70d [5/2] :t2.88" 12 72Va26 GAP ! Re-Fe; H hf=-760 15kG 

~~3Re gs 70d [5/2] :t3.19 15 73KrOl GAP : 11=:t35.5 I5moK I Re-Fe; li,.,=760 I5kG; used 

54Mn in Fe as thermometer 

;~3Re 496 7.89n5 [9/2] :to5 .. 3131 68Ge08 DPAC w= 168 10Mr/s I Os electroplated on Cu foil, 
I 

then melted; fl.=29.6 3kG 

;~'Re g8 :~8d [3] :t2.67" 16 72Va26 GAP Re-Fe; Hh{=-760 15kG 

~~4Re gs 38d [31 :t2.48 12 73KrOI GAP Ll=:t23 ImoK Re-Fe; H,.,=760 15kG; used 

"Mn ill Fe as thermometer 

::'Re 188 165d [8] :t2.77" 14 72Va26 GAP Re-Fe; fl bf =-760 15kG 

;~'Re 188 165d [8] :t2.90 15 73KrOl GAP B,=1.04438 Re-Fe; H,.,=760 15kG; used 

B,=0.311 64 "Mn in Fe as thermometer 

Ll=:t 10.1 5m oK 

;!7Re 206 560ns [9/2] ±4.7I d 14 63Ko19 DPAC Li,WO,+H,O; H o=J.72,5.02kG 

(H in, uncertain-'IO%, 65Ma27) 

I 63Wal6 

No appreciable attenuation, Llv Q<18MHz 

;~7Re 1206 560n8 [9/2] 15.026 DPAC w= 16.83 11M r/st saturated (NH.),WO.+H,O; H 

3.15 3kG (H ,., uncertain 

-10%, 65Ma27) 

tUn;t given as MHz 

;~7Re 206 560ns [9/2] +4.68 d 18 71NiOI DPAC w=15.3153Mr/s (NH.), WO. in aqueous solu-

tion; fl.=3.10 3kG measured 

by proton resonance with 

Beckman-·Hall probe 

;:608 137 840ps [2] +0.63256 61B008 IPAC wT=988mr HReO,aqueous solution; H.= 

53.50 15kG (H,., uncertain 

-10%, 605Ma27) 

;:60 • 137 Maps [2] +0.50 13 61Le06 IPAC ,wT=4310mr Re metal dissolved in HNO,; 

II o=29.2kG 
;:605 137 840ps [2] +0.64+ 3 65Ch14 IPAD Moss. scattering from 1860s 

72Gr22 metal powder using '86Re 
I 

source at 15°K; llo=22.5kG; 

I assumed f3= I, W r=35.6Mr/s 

tCoherence effects ignored in analysis 

~:60s 137 840ps [2] +0.548 38 67Gi02 IPAC 017=25.0 14mr CEx with 160, recoils in Cu; 

H.= 16.6kG, X=0.963 37 

;:·0. 155 710ps [2] +0.59 7 61Ka09 IPAC '''T=42.334mr powdered Re metal in dilute 

HN0 3 ; llo=29.2kG (H,., 

uncertain --10%, 65Ma27) 

::"08 155 7lOps [2] +0.414 63Go05 IPAD WT=20 Imr CEx with 'H on Os metal; 

H.=19.82kG 

::"08 :155 7IOps [2] +0.46 6 64Sp02 IPAD CEx with IH on 1880 S metal; 

1I.=41.07kG, X,=0.91 10, 

G,=0.89420 

::"Os !155 710ps [2] 64Sp09 AAC ill' Q=278 32M Hz CEx with 'H on Os powder 

: QIQ;~O=l.lI~~: 
;:"05 155 710ps [2] +0.6l:j: 5 65Ch14 IPAD Moss. scattering from Os 

72Gr22 metal powder using '''Re 

source at 15°K; H o=22.5kG. 

assumed f3=I, w;:T=0.034 4 

leoherence effects ignored in analysis 

;:·08 155 710ps [2] +0.54036 66Go06 IMPAC ",r=21.9 12mr CEx with 0 on ""'Os, recoils 

I' 

in eu; llo'-17kG, G,=0.956, 

G,=0.917 

+0.560 e 42 67Gi02 Recalculated using X=O.964 36, H o=16.6kG 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table J: Nuclear Moments by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

Nucleus: Level' T'/2 

::"os! 155 ! 7l0ps [2] 

::"Os i633 

~:·Os 633 

~:oOs 1117 

::°08 I JIl? 

::'08 206 

~:20S 206 

;~'Ir 129 

;~ 'Ir 129 

;~ Ilr 129 

;~'Ir J7I 

;~ 'Ir 171 

;~'I r gs 

710ps [2] 

i 
I 

! 
IS.6ps [2] 

5.6ps [2] 

350ps [2] 

350ps [2J 

J 

1350PS [2J 

I 
1350ps [2] 

28p8 [4] 

280ps [2] 

280ps [2] 

280ps [2] 

280ps [2] 

2Sps [2] 

131ps [5/2J 

131ps 

131ps 

4.98 

4.9s 

74d 

74d 

[5/2] 

[5/2] 

[11/2] 

[11/2] 

(4) 

(4) 

±O.570 24 

±O.512·P52 

+1.1636 

+0.86 16 

+0.74 10 

jO.7S< 10 

±O.662 32 

+0.37t 4 

+0.8St 48 

+0.77 II 

+0.79' 10 

+0.815 37 

:;:0.754 '°48 

:;:0.66"=21 

:;:3.0058 

+0.42 5 

±0.S6 10 

±6.3 b 15 

±6.03 36 

± I.S ~ ~ 

± 1.82 

J. Phys. Chem. Ref. Data. Vol. 5, No.4, 1976 

Q 

70Be36 

71Si3.3 

67Ke01 

67Mu05 

MSp09 

66Go06 

67Gi02 

70Be36 

70Le04 

70Le04 

66Go06 

67Gi02 

71Av06 

71Ki13 

71Si32 

71Si25 

68Da19 

690w02 

70Av02 

MCail 

71 E903 

63Ko21 

Mea 15 

Method Measured Quantity Environment & Comments 

AAC w'Tc=0.078 6 or CEx recoils in He or Ar gas 

1M PAC 

IPAC 

!PAC 

AAC 

IMPAC 

AAC 

IPAC 

IPAC 

1M PAC 

AAC 

IPAC 

, 0.0464r'/ns 

Q/Q 19, (206)= 

1.03 30 

'''T=14.813mr 

CEx recoils in Fe; compared 

with g 11l8(633);H ,T ,= 
17.9MG-ps 

Fe-[{c(pilc n, ); 1l,.,=1.4MG; 

corrected for (l30Sy)(63:Jy) 

Re in Fe; fl,",=1.145 25MG 

CEx with 'H on Os powder 

CEx with 0 on ""Os, recoils 

ill Cu; Ho~17kG; G,=0.956, 

G.=0.917 

Recalculated using X=0.978 23, H.=16.6kG 

w'Tc =0.0626r'/n5 I CEx recoils in AT gas 

g/g'Il8(155)=1.16276 

wT=650 500r I l"Ir-Os in Fe; H,.,=-1.43MG 

~Value of H,., may be uncertain, 71Kil3 

wT=60 14mr I '''''Ir-Os in Fe; li'o,=-1.43MG 

:tValue of H,., may be uncertain, 7lKi13 

wT=12.4 Ilmr I CEx with 0 on 19205 , recoils 

in Cu; Ho--17kG; G,=O.956. 

G.=0.917 

Recalculated using X=0.979 21; II 0= 16.6kG 

Q/Q;:o=0.97t 15 I CEx implantation into fused 

quartz 

:l:Assumed only qUildrupole interactions 

wT.,,=2235mr I Ni-Jr(pile n, ); ll,.,= 
282 .. 3 IOkG 

Great variation in WT and A, in Fe-Ir samples 

casts doubt on earlier measurements in Fe 

hosts 

IMPAC wT=1978mr CEx wilh '·0 on Os metal on 

polarized Ni; used fJ,T ,= 
4.57 88MG-ps 

IMPAC gig 192(206)= 

0.86' 22 

CEx on Os on Fe; II l ,= 
17.95IMG-ps 

IPAD 

IPAC 

AAC 

GAP 

GAP

NMR 

GAP 
SpHt 

GAP 

tUsed ,.,.(206)=0.77 JJ 

WT=229 13mr 

w'T c =O.0347r'/ns 

g/ g ~~~=O. 79 12 

,.,.1l=43 3a-ergs 

v=389.690:jc 13. 

1l74.85:jc 12MHz 

Moss. scattered y's from Ir; 

II 0 =24.5kG 

19IPt in Fe; ll,",= 1.510 52MG 

CEx on H,IrCI •. recoils in 

Ar 
191 05 and 6OCo in Fe; H int = 

13530MG 

Observed 0.129y(O, 7) 

0.08% 1910s-Ni;1l'n,=-467 3kG 

0.04% '·'Os-Fe; 1l,.,=-1405 8 

kG 

:J:Extrapola ted to fJ. =0 

,.,.H=12'; a-ergs Fe-Ir alloys 

,.,.H=13.53a-ergs 
,.,.H(,9,,' 9J lr)= 

1.14 9a-ergs 

If in Fe; ""Co in Fe used 10 

measure T--0.1 10 0.012°K; 

use-d ,.,. '91.'93=0.15 1 
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Table J: Nuclear MOlDents by 

Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

N ucleu.s Level T '/2 i 

~~'Ir I gs 

~~'Irgs 
I 

;~3Ir 1139 

g4Jr gs 

i:'PI 1
316 

;:'Pt 316 

;:'Pt 1316 
I92pt 316 ,. 

;:'Pt 316 

;:'Pt 612 

i:'pt 612 

i:'pt 612 

i:'PI 328 

74d 

74d 

74d 

90ps 

90ps 

17h 

35ps 

35ps 

35ps 

35ps 

35ps 

35ps 

(4) 

(4) 

(4) 

[5/2] 

[5/2] 

(1) 

[2] 

12] 

[2) 

[2] 

[2] 

[2] 

34.6ps [2) 

20ps [2J 

20ps [2] 

20ps [2J 

20ps [2] 

20ps [2] 

12ps [4) 

35ps [2] 

35ps [2] 

3Sps [2] 

35ps [2J 

± 1.41 8 

positive 

±1.901 d Il 

+0.468 

::,0.71 12 

±O.374 

+0.518 

±O.60 6 

+0.58444 

+0.544 

+0.566 

+0.92 II 

10.550'· 32 

±0.86t 2 I 

+O.98:j: 17 

+0.99:): 20 

+0.62'· 9 

+ 1.04:): 10 

±0.86:1: 60 

:to.54 8 

±0.61t 9 

+O.79+~~ 

+0.62 8 

+0.66+ 9 

+0.64 8 

+0.54 'j: 12 

I 

Q Refer. 

69Re06 

70Hil2 

71Es03 

67GulO 

70Av02 

69Re06 

66Ag02 

69Ke II 

70BeOB 

70Gr25 

70Le04 

71Ki13 

72Ro30 

69Kell 

70Re08 

70Gr25 

70Le04 

72R030 

69Ke 11 

65Kell 

65Sp03 

66Ag02 

67Ka16 

69Ku06 

Method i Measured Quantity Environmenl & Comments 

BAP 

GAP 

GAP

NMR 

IPAC 

AAC 

GAP 

IPAC 

IPAC 

IPAC 

IPAC 

IPAC 

IPAC 

IPAC 

IPAC 

lPAC 

IPAC 

IPAC 

IPAC 

IPAC 

IPAC 

IPAC 

IPAC 

J.l.H= 10.8 3a-ergs 

I 

II "'1 . F ""c '921' r In e; 0+ r In 

, Fe; T~O.013°K; assumed He/l= 

-1.523MG 

I J.l.H= 13a-ergs '92Ir in Fe; H efl negative 

v=167.661j: 35, 

504.192:j: 50MHz 

0.03% 1921r-Ni;H .. ,=-467 3kG 

"'Ie-Fe; 11,.,=-1405 8kG 

:j:Exlrapolated 10 Ho=O 

wT=6.0 7mr '930s0. dissolved in aqua 

regia and H 20; 1l.=52.0 5kG 

w'r,=O.055/0r'/ns CEx recoils in Ar gas 

J.l.H=2.83a-ergs J% Ir in Fe; H,.,=-1.52 3MG; 

assumed no hyperfine anomaly 

WT=80 5mr 

wT=885mr 

WT=B7.S 24mr 

wT=80 2mr 

wT=886mr 

wT=364mr 

dilute Ir-Fe; H i.,=1.32 8MG 

1% Ir in Fe; H,.,= 1.25 3MG; 

G,=0.94, G.=0.80 

Ie-Fe; H,.,=-1.235 20MG 

Pt implanted in Ir-Fe; Hi .. = 

-1.243MG 

Ir melted inlo Fe; fJ ,.,= 

-1.2.35MG 

(Ni-lr)(pile n, ); H,.,= 

323 IOkG 

Fe-Ir alloys not suitable for PAC 

I WF47t llmr 11% Ir in Fe; H,,,=1.25 3MG 

tFrorn illT-ratio and 1-'(316)=+0.92 

tCorrected for (604y)(316y) 

wT=539mr IIr-Fe; H i.,=1.235 20MG 

:j:From wT-ratio and J.I.(316)=+O.92 

wT=56t:!Omr I Pt implanted in.lr-Fe;H.~2kG 
! H,.,=-1.24 3MG 

:j:From wT-ratio and J.I.(316)=+O.92 

tCorrecled for (604y)(316y) 

wT=54 Ilmr I 192 1r in Fe, melted; H i.,= 
-1.235MG 

:j:From wT-ralio and J.I.(316)=0.+92 

tFrom wT-ratio and J.I.(316)=+0.92 

wF14lOmr 1% Ir in Fe; fJ,.,=1.25 3MG 

:j:From wT-ralio and J.I.(316)=+0.92 

wT=91.6t 67mr I Ir-Fe; H, .. =1.42 IIMG 

Wor fI in'= 1.2sMG I 
tCorrecled for olher cascades 

wT=3.92mr CEx with 'H on I"PI metal; 

H .=41.6kG 

WF99t 9mr Dilute Pt-Fe; lli.,=1.32 8MG 

:j:For H in.= 1.25MG 

tCorrecled for olher cascades 

IMPAC WT=70 5mr, I CEx with 0, I"pt recoils in 

corrected for I polarized Fe; H,.,=-890 70kG 

""PI 1"8 

:j:Used data on WT and T to correct for tran

sient fields. Used ll;r ,=17.7 34MG-ps and 

H i.,=-1.2! 5MG I 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 
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Table J: Nuclear Moments by 
Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat- Continued 

Nucleus! Level TII2 Q Refer. Method Measured Quantity 
I 

J.L Environment & Comments 

::'Pt 328 35ps [2] ±0.S78 70Kel1 IPAC wy=874mr If-Fe; H'n,=1.25 5MG 

:+::0.59+ 6 wT=89:t 3mr 

tWeighted average of 70Ke 14, 66Ag02, 65Kc II 

;:'Pt 328 35ps [2] 70Kel8 1M PAC wT=77 5mr CEx with 2.5MeV III 

If transient fields responsible for preces-

sion, 1-1 ,T" + 11.6 43MG-ps 

i:'pt 328 • :~5ps [2] +0.596"' 36 72Ro30 IPAC 

wr=7813mr I If-Fe; H'n,=1.42 l1MG ;:4Pt 622 ·14ps [2] :'.:0.36 10 65Kell JPAC 

±O.4H / / tF'or H in'= 1.25MG 

;:4Pt 622 44ps [2] +0.42 14 66Ag02 IPAC wT=83 20mr Dilute PI-Fe; H, .. =1.32 8MG 

+0.44:1: 14 :j:ror H in,=1.25MG 
194pt 622 44ps [2] ",0.48 12 70Ke 14 IPAC wy=91 15mr annealed Ir-Fc;H,,,=1.25 5MG 7. I 

:'.:0.44+ 8 wy=84:j: 9mr 

tWeighted averag~ (70KeI4, 66Ag02, 65Kell) 

;:'Pt 622 35tps [2] +O.S6 cP 9 72Ro.30 !PAC :j:Remeasured 

i:'pt 210 67ps [3/21 +0.24 9 69Ku06 IMPAC wT=80 24mr CEx with 160 ; I95Pt recoils 

in Fe; H.=1.4kG; 

assumed H'n,=-1.21 5MG and 

H ,T ,= 17. 7 34MG-ps 

i:5
pt 210 67ps [3/2] +0.33 9 69Va05 IPAC W1'= 108 25mr CEx with IH on Fe-PI; H'n'= 

980 SOkG measured with 194pt 

assumed Ii 194(328)=+0.324 

::5Pt 240 230ps [5/2] +0.185 69Ku06 IMPAC "'T=135 27mr Of CEx with 160 , recoils in Fe; 

wy=12448mr observed (160 ')(240y) or 

(16 O')(l40y); 

assumed H,.,=-1.21 5MG and 

H ,T,=17.7 34MG-ps 

::5Pt 240 230ps [5/2] +0.26 6 69Va05 !PAC W1'=160 22mr CEx with IH on Fe-PI; 

assumed no transient fields; 

H,.,=980 80kG measured with 

194Pt, assumed Ii 191(328)= 

I 
+0.32 4 

;:sPI 259 4.ld [13/2] ±0.597t 15 728a22 GAP- 1/=89.55MHz Pt- ""Co- Fe; II ,,=-1280 26kG 

NMR tUncorrected for hyperfine anomaly 

~:6pt :-156 .>5ps [2] +0.508 67Ka16 IMPAC WY ... =55:t 3mr I CEx with 0, '''PI recoils in 

polarized Fe; H , .. =-890 70kG 

tCorrected for '94 Pt y's 

;:6Pt 1356 3Sps [2] +0.54 7 688e61 IPAC wr=4.974(f' Au in Fe-Pt; 1I,.,=-1.235 5MG 

wr=4.7444° Au implanted in Fe foils 

WY .. ,=85.0 52mr 

;:6Pt 1356 35ps [2] + 0.56 7 68Mu02 IPAC wy=81.8 47m r Au diffused into Fe; fi ,.,= 

1.253MG 

i:6Pt 356 35ps [2] +0.52':1: 22 69Ku06 IMPAC tUsed data on wr and T to correct for transi-

ent fields; used H,T,=17.7 34MG-ps and H,.,= 

-1.215MG 

;:6Pt .356 35ps [2] +0.556'· 35 72Ro30 IPAC 

i:"pt 408 19ps [2J +0.52 S 67Ka16 IMPAC on ... =30.5 20mr CEx with 0, 19·pt recoils in 

polarized Fe; 11, .. =--890 70kG 

i:'Au gs 192d (3/2) ::!:O.134 65Ca12 GAP Au+ 60 Co in Fe; 11,",=1.32 5MG 

based on J.L I"" =O.S90 and 
,99 

=0.270 I.L 

~:6 Au S96 9.7h (12) ::!:5.3Sd :j: 20 7lBa94 GAP 1I.LI1Im=30.6 12 '%Au+ 60 Co in Fe or Ni; 

728a86 or 6.4 4a -erg Ho-4kG 

tlncludes hyperfine anomaly correction 
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NUCLEAR SPINS AND MOMENTS 1001 

Table J: Nuclear MODlenls by 

Perturbed Angular eorrelation, Aligned Nuclei, and Specific Heat - Continued 

1 

I Nucleus Level 1"'2 f /L Q 

i98A 136 - 123ns [3] ±3.60· 24 
I 

79 U I i 
••• A ? 4% . [12?] I ±S.SSdp 34 79 U ,. 

I 

~~oAu I? 18.7h [12] ±6.lO
dp 

10 l' 

I 
!~3Hg Ig" 8.85 112 +0.518 d 9 

~~SHg gs 50s 1/2 +0.504 d 4 

~~7Hg gs Vl-m 3/2 -0.586 d06 -0.3" II 

!~7Hg 134 7.3ns [5/2] +0.95065 

~~BHg 412 22.0ps [2] +0.7622 

!~"Hg 412 22.0ps [2] 11.10' 22 

~~·Hg 412 22.0ps [2J 

~~9Hg 158 2.32ns [5/2] +0. 7'~ 

~~9Hg 158 2.32ns 15/2] + 1.03
d 8 

!~·Hg 533 44m 13/2 +2.0· 13 

;goHg 368 42ps IZ] +0.86 22 

;~'Hg 1439 26/Ls [2J +1.1830 

;~4Hg 1437 46ps [2] +0.8020· 

~~5Hg gs 5.5m 1/2 to.5911· 5 

:~'TI 950 560/Ls [7] ±0.896 P 42 

!~3TI 279 280ps [3/2] +0.165 

;~'Pb 1274 260ns [4J +0.22 2 

!~'Pb 1274 260ns 14] +0.226 Ii 

;~'Pb 1274 260ns [4] +0.22012 

~~'Pb 1274 260ns [4J ~:,:0.3 

~~5Pb 1014 5.55ns [13/2] -0.97540 

Refer. Method 

70K1l3 DPAC 1 
72Ba86 GAO i 
72Ba86 GAO-

NMR 

72Bo09 RAO-

NMR 

72Bo09 BAO-

OP 

720103 RAO-

71R03I OP 

70GeOI DPAC 

MKe02 IPAC 

64KoIS IPAC 

70Ka09 1M PAC 

56Pol4 AAC 

> 

61Gr29 PAC 

720t03 GAO-
l 

OP 

70Ka09 IMPAC 

70Ka09 IMPAC 

70Ka09 IMPAC 

720t03 BAD-
OP 

72Ha67 DPAD 

65Ka02 IPAC 

55Kr06 CDPAC 

63SaI9 DPAC 

67Lil2 DPAC 

71R065 AAC 

(67LiI2) 

71 Ma59 DPAD 

Measured Quantityl 

! 

wr=81 16mr 

60=24.5 22mr 

eqQ~]] 00· ~~~Mllz 

or 593+ :~~MHz 

60=47.824mr 

g/g;~8=O.79 12 

60=.333mr 

g/g;:" =1.07/7 

60=50 3mr 

g/g::8=0.73/2 

w=48.6 JOkrls 

wr=10.727mr 

v=8.609MHz 

v=9.275MHz 

".=2.23MHz 

Environment & Comments 

2.5% hyperfine anomaly 

included 

2.5% hypedine anomaly 

included 

on-line mass separator 

on-line mass separator 

on-line mas!"; separator 

Cu-Hg amalgam; H.=29.5 3kG 

33.2 2kG 

Fe-Au; H,.,=1.42MG 

""'Au-metal; H.=57.I5kG 

CEx with 0 on J98Hg, recoils 

in polarized Fe; H.=1.4kG; 

H ,T ,=5.9 23MG, used (';T='1.0 4 

mr of Murray to get transi-

ent fields 

Compared anisotropy in 

liquid metal with powdered 

HgCI, or frozen metal; used 

Q'OJ=0.45 and eqQ'OJ(HgCl,)= 

720MHz, eqQ,o'(liquid metal) 

=708MHz 

Au(a,2n); H. =26000 75G 

on-line mass separator 

CEx with 0 on wo Hg, recoils 

in polarized Fe(Sec J.8Hg_ 

70Ka(9); used g;:"=0.55 II 

CEx with 0 011 2Q'Hg, recoils 

in polarized Fe(See 198Hg~ 
I •• - -70Ka09), used g,+ -0.:>5 II 

CEx wilh 0 on 204 Hg, recoils 

in pola rized Fe(See 1.8H g-

70Ka(9); used g::8=0.55 II 

on-Iin.e mass separator 

liquid Hg(pulsed p. ); 

maximum Ho=80 3G 

PbCl, in 6N Hel; fl o=SO.6kG 

TI in HNO,; 1"do1.,=352ns, 

'1'1 in H ,SO.; [ ••• ,,=237n8 

Ri in lINO,; flo~31.81kG 

liquid sources; Ho=:~5.2kG, 

G,=0.97B 33 

Pb in polycrystalline '1'1; 

assumed Ym(Pb··)~-50.88 

liquid 2()4Hg(pulsed 0<, 3n); 

diamagnetic correction = 

-Knight shift (-1.7%) 

j. Phys. Chern. Ref. Data. Vol. 5, No.4, J 976 



1002 GLADYS H. FULLER 

Table J: Nuclear Moments by 

Perturbed Angular Correia lion, Aligned Nuclei, and Specific Heat - Continued 

Nucleusl Level 1'112 /L Q Refer. Measured Quantity I Environment & Comments 

;~·Pb 803 6ps [2] -0.02 14 70Za03 w,=+0.4 23mr I Pb in Fe; Hm,~660 45kG 

~~·Pb 2200 123/L8 [7] -0.57"t 5 69Qu04 :tIC, >"e'" <. or >200/Ls 
or -0.35"+ 

;~·Pb 2200 1 23/Ls [7] -0.151928 72Ma24 DPAD liquid 2('"'Hg(pulsed a,2n); 

Strob diamagnetic correction = 

-Knight shift ('-1.7%) 

:~6Pb 2385 29ps [6] +0.7842 70Za03 IPAC wF-16.790mr Pb in Fe; lI io,=660 45kG 

;~·Pb 4027 200ns [12] -1.860" 48 72Na16 OPAD liquid Hg(pulsed ct, ) 

!~7Pb 570 129ps [5/2J +0.72 10 64Gu03 IPAC wT=+13.0 13mr liquid BiCl,; 1I.=50.6kG 

:~7Pb 570 129ps [5/2] +0.9622 65HelO IPAC w,=3.4 21mr liquid source; Ho=lOkG 

;~7Pb 570 129ps [5/2J +0.655 66Kol6 IPAC wT=12.99mr liquid 207 BiCl
3 

in HCI; 

H o =55.2kG 

!~7Pb 570 129ps [512] ±O. 79" 3 72Sc36 IPAC w,~26.6 9mr 1l0=94.4 5kG 

;~·Pb 2615 15ps [3] +1.7442 69Bol2 IPAC WT= 1.80 45mr 228Th in Hel; 1I0~30.5kG 

;~'Pb 2615 lSps [3] T 1.89" 29 72Sc36 IPAC wT=5.97 79mr 1I 0=94.4 5kG 

!~8Pb 3198 I 298ps [5] +O.IOS 35 69BoOl IPAC w.(2615)/wT(3198) "8Th in Fe, Co; used 

= 1.36 21 g(2615)~+O.58 14 

!~7Bi 2102 182/L8 [2112] +3.41 6 72Ma24 DPAD liquid Hg(7 Li ,4n); diamag-

Strob netic correction ~ -Knight 

shift (~1. 7%) 

~~oBi gs 5.0d (1) negative P posi- 72Na17 BAP observed positive ferromagnetic BiMn; Hbf'-lMG; 

tive P asymmetry used /L/Q<O from atomic beams 

!! 'Bi 405 318ps [7/2] +4.41 67 65Ag03 IPAC liquid sources 211Pb or 

223 Ra + 2Il Ph ; H.=18.3kG 

;~'Po ~]700 190115+ [8] ±8.32p 64 72Br42 DPAD :j:quoted value '''Pb foil (pulsed C1i, ) 

:~'Po ~]700 140ns+ [8] ±7.24" 32 72Na18 Strob :j:quoted value 

:~6pO ! ? l60nst [8] ±7.60" 32 72Br42 DPAD :j:quoted value 2{)"Pb foil (pulsed C1i, ); 

li o =15.9kG 

!~6pO 21208+ [8] :t7 .24" 32 72Na18 Sirob :j:quoled value 206 P b(pu]sed 'He, ) 

;~7pO 1115 47/L8 [13/2] -0.930·'- 13 72Fo19 DPAD liquid 206Pb(puised a, ) 

:~8po > 1520 380ns [8] ±7.225 70Nall Strob li.=l1.628kG ' "'"Pb(a ,2n}; 1'0= 123.43ns 

±7.48 40 DPAD w~63.2 34Mr/s:f '08Pb('He,3n); li 0 = 13. 9kG; 

I assumed Knight shift·-1.47% 

tUnit given as MHz 

;~8po 1532 380ns [8J ±7.29 P 8 72Na 18 Strob 208Pb(pulsed 'He, ) 

~:'Po >1327 .,. lOOns [17/2'!] +7.4843 68Ya08 DPAD w~11.6 7Mr/sj: metallic Pb(pulsed a,xn); II 0 

I 
... 7.37 c 43 70Nall =2. 760kG; recalculation in-

eludes Knight shift~ 1.4% 

:tUnit given as MHz 

;~9pO lOOns [17/2] ±7.62p 13 72Na18 Strob 1207Pb(PUISed a, ) 

;!Opo 1472 38ns [6J :':5.58 d 
•• J 2 72Ba87 DPAD ""'Pb(pulsed a, ); li.=13.76 

7kG 

;!Opo ]552 lIOns [8J + 7.29 8 70Ya02 DPAD w=48.444Mr/st metallic 208Pb(pulsed <x.2n); 

H o=10.93kG; assumed Knight 

shift - 1.47% 

:tUnit given as MHz 

!!Opo ±7.27·'· 12 OPAD 
' 208 

1552 I IOns IS] 72Ba87 Pb(pulsed a, ); H o=13.76 

7kG 

;!Opo 1552 lIOns [8] ±7.21" 10 72Nal8 Strob 208P b(pulsed a. ) 

~! °po 2800 24ns [ Il] + II. 99 18 70Ya06 OPAD w=I01.0 15Mr/s:j: metallic 2<'·Pb(pu]sed a,2n); 

lJ.=19.05kG; assumed Knight 

shift ~ 1.47% 

HJnil given as MHz 
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Table J: Nuclear Moments by 
Perturbed Angular Correlation, Aligned Nuclei, and Specific Heat - Continued 

N ucleu" Level T 112 J 

;! ·Po 4372 93ns [13J 

[15/2J 

~!'At '1416 50ns [21/2] 

[39/2, 

4112] 

;! 'AI 4816 

;!'Rn 186 320ps [2] 

!!'Ra 50 630ps [3/2J 

!!3lJ gs 162ky (512) 

162ky(5/2) 

710My (7/2) 

2,IMy (5/2) 

63n8 [5/2] 

~!'Np 60 63n8 [5/2] 

!:'Np 60 63n8 [5/2] 

1.40n8 [5/2] 

20.5d [7/2] 

±7.lOP 16 

±0.3S· 15 

±9.42 dkp 17 

± 14.0 14, 

±14.8 14 

:,:7.1224 

·+0.90 14 

+0.42 6 

+3,5:1: 5 

±2.4SP 10 

+1.9015 

+ 1.9824 

I ±2.713 

'Polarization or Sternheimer correction inclu(kd. 

Q 

positive 

Refer 

72Ya08 

72Fa17 

721n03 

71Ma70 

71Ma70 

700r02 

70Lel3 

58Da21 

60Ro27 

DPAD 

IPAD 

DPAD 
DPAD 

DPAD 

PAC 

PAC 

aAO 

68Ma42 aAO 

58Da2! aAO 

58Da21 

6lHa34 

55Kr02 

57Kr52 

66He13 

67Gu08 

67Cu08 

705009 

62Na14 

aAO 

DPAC 

DPAC 

DPAC 
IPAC 

IPAC 

aAO 

"Half-life used by authors not known, therefore /L not corrected to quoted half-life, 
b Spin-value used by authors not known. therefore /L not corrected to quoted spin. 

e Recaleulation of earlier data. 

d Diamagnetic correction included. 

j,- Includes Knight shift eorrection. 
I' Preliminary value from mpPling abstract, rpport. thpsis, or private cllmmunieation. 

sured Quantity Environment & Comments 

w=56.2 13Mr/s metallic 208Pb(pulsed lX, ); 

H. =21.03 IOkG 

208Pb(pulsed a, ); H.=!6.6kG 

009Bi(pulsed a. ); H.=21.0kG 

pulsed 'He or 160 on sepa

rated Hg, TI. Pb, Hi 

pulsed 'He or \60 on sepa

rated Hg, Tl, Pb, Hi 

~O=- J.59°t a-decay recoils from Ra or 

RaCl, in Cd, Pb, U,O,; H.= 

I 27.65kC 

:::~::'d '0' b'r,:::~:::~, '0 HNO"Ho~28'C 
Anisotropy nega- UO,Rb(N0 3 )3 

live; p- ±0.03cm- 1 

U0 2Rb(NO,h 
a's emitted perpendicular to alignment axis 

Anisotropy nega- lJO,Rb(NO')3 

tive 

Anistropy nega

tive; A<O, P>O 

NpO,Rb(NO,), crystal 

a's emitted parallel ~o nuclear spin 

I liquid source in IN HClO. 

*501utions may ha,ve been imperfect 

w=245.! IOMr/s+ I:' concentrated '41 AmCl, in IICI 
H.=41 I 4kG; used (:l(20°C)= 

1.284 and G,=0.45 

tUnit given as MHz 

w=-76.5 35M rls AmO in 6N HCI; H.= 12.5kG, 
g239(75)/g237(60)= (:l=1.6811 

1.049 

WT=-238 17mr 

G,=0.935 1O 

A .. e =0.263cm- 1 

AmO in 6N HCI; H.=18.5kG, 

{:l= 1.68 11 

E." in NES crystal; 

used <,-'>,,=10.92au 
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Table K: Nuclear Moments 
by Coulomb Excitation Reorientation 

and Inelastic Electron-Scattering 

The following tahle lists values of nuclear moments 
derived from Coulomb excitation reorientation 
measurements and inelastic e1ectron·-scattering 
experiments. The possibility of determining nuclear 

electric quadrupole moments by the reorientation 

effect in Coulomb excitation was first proposed by 

Breit, [55Br641 and [56Br69]. He explained the effect 
as an interaction of the excited-state quadrupole 

moment with the electromagnetic field of the 

projectile after the nucleus is Coulomb-excited by 

the projectile. The name is derived from considering 

the effect as a second - order pertu rLation process 

whe~e the £2 multipole interaction first causes a 
transition from the ground state to an excited state 

of the nucleus and then causes a transition from one 

magnetic sub-level to another of the same state, i.e. 

a reorientation of the nuclear axis. This is pictorially 

represen ted in figure 1. The second order excitation 

probability then depends on the static quadrupole 

moment of the excited state. 

In Coulomb excitation the projectile does not 

penetrate the nucleus and the interactions with the 

nucleus are reasonably well understood. The major 

assumptions made in a semi-classical treatment are 

thaI 1) the projectile orbit can be treated classically 

and 2) that perturbation theory can be applied. For 

the first assu m ption to apply, the energy of the 

projectile must be low enough so that it can be 

described by a 'wave-packet' which is small with 

respect to nuclear dimensions. If the dimensionless 

parameter, 7), is defined by: 

(1) 

where a is 1/2 the distance of closest approach In a 

head-on collision; A h/mvoo, the deBroglie 

wavelength of the projectile; V ro • the velocity of the 

projectile at infinity; and Z\ and Z2 are the projectile 
and target charges respectively, then this condition is 

fulfilled when 7»>1. For the energies used In 

Coulomb excitation. where 2a is greater than the 

nuclear radius, this condition is usually satisfied. A 

FICURE 1,:\ l'i('lorial lcpre

s('ntatiorl or tht' 

reorll'lll al ion pff('('t. 

Th" E2 I11"llipol .. 

j n I C' rae t ion Ii r:-, t 

('atls(':-: a t ran:-;it iOll 

tn all ('\('ilt'd ...,tatt' 

alld llwn H I ransi

! ion from one ~ul)

le,,'1 10 anollwr of 
the ('xcited slale. 

n ___ ---.--.-__ 

f--~-~~~yL----I=2 

_..1..----1 ___ 1 =0 
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further requirement that the projectile may be 
treated as a classical particle moving in a hyperbolic 

orbit is that the energy loss in the excitation process 

be small compared to the incident energy. If we 
define an adiabaticity parameter: 

(2) 

where tlE is the excitation energy between the initial 

and final stales, then for ~«l, the excitation 
process can be treated as a sudden one and this 

condition obtains. For a classical particle, ~ = O. For 
1;> >], the process is adiabatic and the excitation 
probabilities vanish. The second assumption requires 
that the first-order excitation probabilities be small. 

For a classical projectile, the angular distribution 
of the elastically scattered particle is given by the 
Rutherford cross section: 

(3) 

where () is the scattering angle; see figure 2. To 

obtain the cross section for Coulomb excitation of the 
nucleus, the Rutherford cross section is multiplied by 

the probability of exciting the nucleus to the final 

state. If the excitation probabilities are smalJ, the 

first -order transition am plitudes can be calculated 

from: 

(4) 

z 

x ~------------~~----~~~~ 
v 

FICURE:2, Focal-c()ordillalp ,')'stem "f II"" scatt .... i,,!" of il classieal 

projeclile "I' char!"e Z Ie by a nucleus of charge Z,e, The 

path of the projectile is in the xy= plane and IJ is Ihe 

scaller;ng angle. 
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where H iot denotes the time-dependent electro
magnetic interaction and E f and E i , the energies of 
the final and initial states. In the semi-classical 
treatment, Hint is expanded in multipoles. The 
monopole interaction gives rise to the Rutherford 
scattering which is already accounted for by 
considering the projectile moving in a classical 
hyperbolic orbit. The magnetic m ultipole excitation 
amplitudes are smaller than the electric ones by the 
factor vIc, which is sm all for the energies of the 
projectiles used in Coulomb excitation. Magnetic 
excitation is therefore negligible except when the 
electric matrix elements vanish. 

To first order, the electric Ell. multipole excitation 
amplitudes can be shown to be: 

blP = 

(5) 

where the reduced nuclear matrix element is defined 
by: 

with p(r 2 ) the nuclear charge density and where the 
Y,,,(7T/2,O) and 1,,,(0,1;) are functions of the projectile 

orbits, see [68De34], page 7*. The functions 

Y",,(7T/2,O) and 1,,,(0,1;) are defined and tabulated in 
references [60AI23] and [56AI54]. This amplitude 
leads to the first order differential excitation cross 

section: 

647T4Z~e2 

h2v!a n 
B(EiI.,li--'> I,) 

(211.+ 1)3 

x I IYI.,,12 II,,,1 2 a 2 (4sin 4 0/2r 1dO 
iL 

(7) 

(8) 

In order to evaluate the reorientation effect, the 

calculations for the excitation must be carried out to 

second order. 

b (2) 
if (9) 

·Note, in the definition of X, equation (12) or [68De341. (A-.-I)! should be replacf'!ri with 
(>-I)! 

where 

b inr ,= (ih/27Tr2 J",,00(flflintln)expl(27Ti/h)(EI-En)t]dt 

X J"" 00 (niH; •• Ii )exp[(21Ti/h)(E. - E;)t']dt' 

The sum extends over all intermediate states "n", 
including the initial and final states. This double 
integral can be simplified, see Alder [56AI54], p469, 
so that the total amplitude to second order is of the 
form: 

b\i) = A[iUiIIMEAI11r} Yk"I,,,/(vooa A
) 

+ InB(liIIMEAlllln)UnIIMEA21IIr) 

where A and B are functions of A, Zl' Z2, Ii, If, Ali, 
M, and where a and f3 are functions of the projectile 
parameters 8, Aj , Mi' and I;j. The last three 
quantities, with j= 1 and 2, are defined for the 
transitions i--'>n and n--'>f respectively. The 
differential cross section to second order is then: 

da- [p(ll) + p(l2) + O(P(22)]da-
R 

da- (21. + I)-I :2: [(b( 1)2 
R I Mi M , If 

+ 2Re (b~p I binI) + O(MEA)4] (11) 
n 

For the case of 11.=2, the crossover term IS seen to 
contain terms proportional to [B(E2,li--,>lrl]Q, since, 
for "n" equal to "i" or "f", 

Qe = (167T/5)1/2 [1(21 - 1)/(21 + 1)(21 + 3)(1 + 1)]1/2 

X (lIIME2111). 

In order to account for the different velocities of 
the projectile before and after the excitation, the 
semiclassical expressions can be symmetrized by 

replacing v 00--'> V (Vi VI), a--'>Z I Z 2 e 2 X(l + AI/A 2)/ A I Vi VI, 

g--'>YJ, - YJi and by multiplying the resulting excitation 

probability by a factor vr!v i • With these substitutions, 
the semiclassical Coulomb excitation probabilities 

closely approximate the quantum mechanical results; 
see [56A154, 65Ril4]. 

The application of perturhation theory assumes 

that the probability of excitation of any level is small 
and that higher order processes are negligible. This is 

true, in general, for excitation by p, d, and a's but 

not for higher Z projectiles nor for target nuclei with 
large transition probabilities between excited states 
and the ground or final states. For those cases, 

multiple Coulomb excitation becomes important. The 

nuclear system then interacts strongly with the time-
dependent electromagnetic fields produced by the 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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projectile and man y levels are excited 
simultaneously. Some higher levels can even be more 
strongly excited than lower lying ones. If multiple 
excitation effects are important, the final state 
amplitudes for the individual levels can be obtained 
by solving a set of coupled Schrodinger equations. 
The calculation of the reorientation effect must be 
carried out for the particular nucleus and for the 
actual bombarding conditions. All of the available 
information on the energies and spins of the 
individual nuclear levels which can contribute and on 
the matrix elements connecting them (experimentally 
determined or calculated from some model) must be 
used as input data in order to determine the 
quadrupole moments from the reorientation 
measurements. A representation of the types of 
virtual transitions which must be considered in such 
calculations is given in figure 3. Many Q-values have 
been determined using the deBoer-Winther 
computer code for the differential cross sections for 
multiple Coulomb excitation [65Wi14 or 66AI22]. This 
code can handle up to 10 nuclear levels with a total 
of 90 substates, for A = 2. One of the major sources 
of uncertainty in the determination of Q's from such 
calculations is the relative phases of the matrix 
elements for excitation via different levels. In many 
cases, several values of Q are quoted, one for each of 
the different combinations of signs possible. 

A code is also available to compute the angular 

nil 

n' 

n 

f 
I 

~ , 

GDR 

1=2 

1=2 

1=0 

FIGURE :l. A representation of some of the kinds of transi

tions which must be included in the multiple 

Coulomb excitation of level 'f from level 'i'. The 

first two represent the reorientation transitions: 

the third, a competing excitation of the level 

through a higher, 1=2 level: and th .. fourth, an 

excitalion of the level through the giant dipole 

resonance. 
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distribution of the deexcitation y-rays. When 
observing only the y-ray angular distribution from a 
particular level, the situation is more complicated 
than when the scattered particles are observed. The 
level is not only populated by Coulomb excitation 
directly to that level but also by Coulomb excitation 
to higher levels with subsequent unobserved cascades 
of conversion electrons or y-rays to the level. The 
contribution of these add itional real transitions must 
be subtracted. It is therefore necessary to know the 
L-pole y-transition rates and internal conversion 
coefficients for all transitions which could occur as 

well as the angular correlations between them if the 
reorientation effect is measured via the dexcitation 
y-ray angular distributions. 

Several graphs are presented In deBoer and 
Eichler's article, [68De34], which are useful in 
establishing the values of some experimental 
variables. The bombarding energy must be kept small 
enough to insure that nuclear interactions, other than 
Coulomb, are not important. Such interactions are 
not well enough understood, generally, to be 
accounted for with suHicient accuracy. Two arbitrary 
limits were chosen by the authors to define a 
"maximum safe bombarding energy" for their plot of 
Em .. as a function of the target mass, A 2 , for values 
of the projectile mass, A I> from 2 to 64 [68De34, 
figure 7]. The minimum distance between the two 
nuclear surfaces in a head-on collision must be 1) 
greater than 3 Fermi and 2) larger than the deBroglie 
wavelength of the projectile at infinity. The "safe 
bombarding energy" increases slowly with Al and A 2 • 

In figure 8, [68De34], a similar plot of the 
corresponding values of 7) is given. A third useful 
graph, figure 9 in the same article, shows the 
interaction strength, X;~f' as a function of A I and A2 
for the excitation of the first 2+-level by a projectile 
at the "maximum safe bombarding energy." The plot 
assumes a B(E2, O+-lo2+)-value of l.0 e 2 b 2 • For 
values of X <0.1, the use of second order 
perturbation theory yields excitation probabilities 
which are accurate to about 1%. The interaction 
strengths increase rapidly with A I so that second 
order perturbation theory may not be justified and a 
multiple-excitation calculation be required for heavy 
projectiles. 

For the case of lI4Cd, on which the earliest 
reorientation experiments were performed and on 
which there has been very much activity, the 
"maximum safe bombarding energies," corresponding 
values of 7), and the interaction strengths, Xhr , for a 
B(E2, O+-lo2+) = 1.0e 2 b2 obtained from the graphs in 
[68De34] are presented in table 1. For the 558ke V 
level, the actual B(E2) = 0.5Ie 2b 2

• From the table it 
is seen that second order perturbation calculations 
would be applicable for 2H -projectiles under 3Me V 
and possibly also for 4He under IIMeV, but not for 
the heavier projectiles. For these, multiple Coulomb 
excitation must be considered. In the paper by 
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TABLE 1. Maximum safe bombarding energies, corresponding 

1)'S, and interactions strengths, X ;-'1. for projectiles on '''Cd, as 

taken from the graphs in [68De34] 

Projectile Maximum safe 1) X"~ft 
bombarding energy 

(MeV) 

'H 3 5 0.07 

'He II 9 0.22 
·C 23 17 0.50 
160 50 33 0.85 
325 100 65 1.5 

tAssumed B(E2,0-.2) = 1.0 e'b' 

Berant et aI., [7IBe36), there is a discussion of the 
many papers on 114Cd with an attempt to establish a 
best value for the static quadrupole moment of the 
558keV level, whi~h they give as -0.32 ± 8b. In the 
same paper they mention that with a precision level 
of 1%, they observe no deviations from pure Coulomb 
excitation for 4He-projectiles up to lOMe V, but that 
deviations do occur for 16 0 above about 46Me V. 
These are not consistent with the values in table l. 
These "safe bombarding energies" should, therefore, 
be considered merely as a guide. It has been 
suggested that the lack of nuclear interactions should 
always be checked out experimentally by performing 
the reorientation experiments at at least two different 
bombarding energies. 

Quadrupole moments can be obtained either by 
making high preCISIOn absolute cross section 
measurements or by studying the relative excitation 
of a level under different bombarding conditions. For 
example, eq (11) can be written as dO"=P(lI)(I+r)dO"R 
where, for the most frequently encountered case, one 
with li=O, 1{=2, A=2, no other states excited and for 
low excitation energies, dE: 

r == p(l2)IP(1l) = A IdE (f11ME2110 K({,O) 

X [Z~(l +A ,/A 2 )] I. (12) 

Here the A are in amu, dE in MeV, and (fIIMEII£) in 
eb. K is a function of the projectile parameters: Y2.j.<' 

12,j.<' {32,-j.<. A plot of K as a function of g for 
different scattering angles can be found in deBoer 
and Eichler, [68De34], p33. For a given angle, K is a 
slowly varying function of {. It is a maximum for 0 = 

71". At backward angles, K is a maximum for small 
values of g. r is seen to be proportional to the 

excitation energy of the level and to the mass of the 
projectile used. However, the ratio dElE must be 
kept small ({< 1) if the projectile is to be treated 
semiclassically. The p(ll) can be calculated from 

measurements of the lifetimes of the excited states. 
Since typical values of r are of the order of 0.10, the 
8(£2)'s and absolute cross sections must be known to 

a few percent or better in order to determine the 
quadrupole moment. 

For relative excitation measurements, the ratio of 
the cross sections for two different bombarding 
conditions, a and b, can be expressed as: 

with 

r.-r b == dE (2+IIME2112+) 

X [A I.K({.,O.) - A IbK({b,Ob)]/Z2 (14) 

for AI < < A2 , P~l1)IP~II) is independent of the nuclear 

transition matrix element and is easily calculated. 
The ratio of the cross sections can be made more 
sensitive to the quadrupole moment by choosing the 
projectile parameters, AI, g, and/or e, to make the term 
in the square brackets in (14) as large as possible. 

The excitation cross sections are measured either 
by detecting the elastically and inelastically scattered 
projectiles or by observing the deexcitation of the 
nucleus, usually in coincidence with the scattered 
projectile. In the first type of experiment, the major 
difficulties are those associated with trying to 
separate the elastic and inelastic peaks. At high 
excitation energy, the excitation probabilities are 
small and it is difficult to observe the small inelastic 
peak in the tail of the elastic peak. At low excitation 
energies, the excitation probabilities are larger but 

the resolution of the two peaks frequently presents 
problems. 

In the second type of experiment, the deexcitation 
y's are measured in coincidence with the scattered 
projectile. A schematic diagram of a possible 
arrangement IS shown in figure 4. The p'y 
coincidence rate is given by: 

00 

C.R. El' I f.(dO" ./dfl)lah I I (dO" ./dfl)lab 
n=1 n=O 

(IS) 

where Ey is the counting efficiency for YI~i; f., the 
fraction of decays of state n which give rise to a "Yhi; 

beam 

p 

FIGURE 4. A schemalic view of an experimental arrangemenl for the 

detection of y-rays in coincidence with back-scattered 

projectiles. T represenls the target: P. an annular partielp 

detector: and C. the y-ray detector at all angle ()" 10 the 
beam_ 
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(da- ./dO)I.b. the differential excitation cross section 
for the state n, in the laboratory system. When only 
one level is excited and if that level decays solely by 
y-emission, the coincidence rate is approximately 

fyP i -+ f • The counting efficiency, fy, must be 
corrected for the anisotropic distribution of the 
deexcitation y. The effect of the anisotropy can he 
reduced by the proper choice of 13c and the distance 
of the y-counter from the target. 

The measurement of the scattering cross section as 

a function of energy is made difficult by the small 
dependence of K on g. These experiments require 

great accuracy if Q is to be determined from the 
measurements. 

Several moments have been determined by the 
measurement of the reorientation effect in the 
projectile. This is an important mode of excitation for 
heavy projectiles on light nuclei. An approximate 
expression for this eHect can be found by replacing 
Z2 by 21 in equation (12). 

There are several possible sources of errors which 
may need to be considered in the determination of 
Q-values rrom Coulomb excitation reorientation 
measurements In addition to those already 
mentioned. Among these are: deorientation caused by 
the atomic electrons, relativistic corrections to the 
motion of the projectile, the attenuation of the 
angular distributions by the interaction of the excited 
state moments with the electronic fields, and the 

recoil of the nucleus which could give rise to 
Doppler-shifted energies as well as additional 

y-distribution attenuations. 

J. Phys. Chem. Ref. Dala, Vol. 5, No.4, 1976 

This simplified discussion of the Coulomb 
excitation reorientation relies heavily on the material 
presented in [68De34, 65Bil4, 60A123, 59Br23, and 
56AI54], which should be referred to for more 
detailed descriptions of the actual measurements and 
calculations of the quadrupole moments therefrom. A 
collection of reprints of the important papers on 
Coulom b Excitation, including the deBoer- Winther 
computer code for multiple Coulomb excitation which 
is used in many reorientation calculations, is found in 

[66A122]. Biedenharn and Brussard, [65Bi14], also 
discuss some of the features of Coulomb excitation 
using electrons. 

Recently, Lightbody and Penner, see [72LiI2], 
proposed the calculation of static quadrupole 
moments from high-resolution inelastic electron
scattering measurements. To date, the quadrupole 
moments derived from these measurements depend 
on the use of an oversimplified nuclear model for the 
states involved. The deduced Q-values for eight 
nuclei in the Cr and Cd regions, are in reasonably 

good agreement with the Coulomb excitation 
reorientation measurements on the same nuclei. The 

physical basis for the success of this model in giving 
the moments is not understood at this time. The 
electron-scattering experiments yield the sign of the 

quadrupole moments and are not plagued with the 
uncertainties connected with the relative signs of the 
matrix elements which are present m the 

reorientation calculations. 
The last systematic literature search for data 

included in the table was done in early 1972. 
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Explanation of Table K 

Chemical symbol with Z- and A -number 

Energy, in ke V, of the level for which information is given 
Ground state levels are indicated by gs. 

Half--life of the level 

1009 

The value quoted is taken from Table of Nuclear Half- Lives (68Ma49), Nuclear Data Sheets 
(through Volume 85), Table of Isotopes (67LeHo), or it is the value used in the referenced 

article. 

Nuclear spin, In units of h/2Tr 
Values enclosed in ( )'S have been determined by resonance or spectroscopic techniques. 

Values enclosed in [ ]'S have been inferred from decay characteristics. 

Nuclear magnetic dipole moment, in nuclear magnetons 

Nuclear magnetic octupole moments, fl, in nuclear magneton-barns, have also been 

tabulated in this column. These have been obtained from elastic and inelastic electron

scattering cross sections. The values, which are model-dependent, have been enclosed in 

[ ]' s. 

Nuclear electric quadrupole moment, in barns, as given by the experimenter 

Those values marked by an asterisk, *, indicate that the experimenter has made some 

polarization or Sternheimer correction in computing the moment. 

Values which are enclosed in [ ]'8, have been derived from elastic and inelastic eiectron

scattering cross sections and are model-dependent. 

When two values of Q are given, for CExRO measurements, the first represents the value 

obtained assuming constructive interference; the second, destructive interference of the 
matrix elements. 

Values of the hexadecapole moment, in barns 2
, are also tabulated in this column. 

Reference key number 

Codes used to designate the specific techniques are: 

CExRO Coulomb excitation reorientation 

eSc electron scattering 

Measured Measured quantities from which moments are derived 
Quantity 

Environment Nature of materials used, assumptions made, and comments 

and Comments 

J. Phys. Chern. Ref. Data, Vol. 5, No.4, 1976 
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Table K: Nuclear Moments by 

Coulomb Excitation Reorientation and Inelastic Electron-Scattering 

Nucleus Level TI/2 I 
(keV 

~Li gs - (3/2) 

~Li gs - (3/2) 

:Re gs - (3/2) 

:Re gs - (3/2) 

:Be gs - (3/2) 

!Be gs - (3/2) 

~oB gs - (3) 

;oB gs ._. (3) 

:'8 gs - (3/2) 

! 'B gs - (3/2) 

; 'B gs - (312) 

~2C 14100 ? [41 

~~Ne 1630 0.7ps [2j 

~~Ne 

1

1630 O.7ps [2] 

;~Ne 1275 3ps [2] 

;~Ne 1275 3ps [2] 

;:Mg ]368 Ips [2] 

;~Mg 1368 Ips [2J 
24 
"Mg 1368 lps [2] 

;~Al gs - (5/2) 

"AI gs - (5/2) J3 

::Si 1779 O.Sps [2] 

::5; 1779 O.5ps [2] 

;:Si 1779 O.Sps [2] 

~!S 2237 0.2Sps [2] 

~!S 2237 0.2Sps [2] 

I 

~:Ar 1980 ? [2] 

~~Ar 1460 0.8ps [2] 

~~Ti 889 7ps [2] 

~~Ti 889 7ps [2J 

~~Ti 983 3.6ps [2] 

~~Ti 983 .3.6ps [2] 

:~Ti 983 3.6ps [2] 

~~Ti 983 3.6ps [2] 

i~Ti IS50 Ips [2] 

~~Cr 783 8.4ps [2] 

J. Phys. Chern. Ref. Dafa, Vol. 5, No.4, 1976 

P Q I Refer. 

i 

[n = +0.091 16] 66Ra29 

I[ -0.0302<] 69Vi02 

[n = -0.035]1 65Grl8 

[n = -0.041 6J 66Ra29 

[+0.0476<J 69Vi02 

[:to.0578<] 698e50 

[n "" 0.029] 66Ra29 

[:':0.0675<] 69Vi02 

[n = +0.081] 65Gr18 

[n = +0.0785] 66Ra29 

[:to.032C] 69Vi02 

[;-0.20IJ 71Nal4 
: . 2 
[Q~ = +0.00215b ] 

1 
--0.27 11 69Sc08 

·-0.24 3 70Na07 

-0.21 6 69Sc08 

-0.214 70Na07 

-0.26 8 68Ba44 

-0.24335 70Ha04 

-0.,30564 71ViOl 

![:to.146] 67SI01 

[n = :to.34 P 9] 71de55 

+0.17 5 69Ha31 

+0.22 9 69Pe08 

+0.1I~ 5 70Na05 

1-0.05 70Ha24 

10 +0.25 

-0.20+ 6 70Na05 

+0. 1 !:j: 6 71Na06 

+O.OU 4 70NaOS 

-0.1910 70Ha24 

-0.28 14 7lDe29 

-0.22 8 70Ha24 

-0.38 13 7lDe29 

-O.OS' 7 71Le 17 

[-0.177 8] 72Li12 

-0.029 70Ha24 

I :to.30· 9 72To12 

I 

I Method 

eSc 

eSc 

eSc 

eSc 

eSc 

eSc 

eSc 

eSc 

eSc 

eSc 

eSc 

eSc 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

eSc 

eSc 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

CExRO 

eSc 

CExRO 

CExRO 

Measured Environment and 

Quantity Comments 
, 

Hlp = 0.028 5b 

nip = 0.035 5b 

nip "" 0.016 b 

nip = 0.029 5b 

Used <,'> '/'.= 2.42F 

and <r'> 1/' = 2.68F 

Ne gas(
32S,S') 

CEx with Ne on ''''Sn; 
130Te; 148Sm 

22Ne gas( 32S,S') 

CEx with Nc on 

'lOTe; ""'Sm 

Mg("S,5') 

Mg("Cl,Cl') 

Mg('·O,O') 

·'Ni('·Si,Si') 

Si("SM ,S') 

Si('06Pb ,Pb') 

~Assumed Q,,(206Pb) = (0.0 5)XiQro,1 

5OTi(32S,S') 

S(206Pb,Pb') 

:l:Assumed Q2+(206Pb) = (0.0 5)XiQro'[ 

I 2I"'Pb(lSOMcV 36 AT,Ar') 

fAssumed Q,+('06Pb) = (0.0 5)X12 Q.17I 

I CEx with '
06

Pb, 
120So on AT 

tAssumed Q,+(""Pb) = (0.0 5)X[Qro,1 
4·Ti( 35 Cl'+ ,CI') 

··Ti(160 ,0') 

.BTi("CI'+ ,CI') 

'°'1';( 160,0') 

Ti( 32S,5') 

'lOTe, 

C Ex with 62Me V 32S 

on thin target 



NUCLEAR SPINS AND MOMENTS 1011 

Table K: Nuclear Moments by 

Coulomb Excitation Reorientation and Inelastic Electron-Scattering - Continued 

I 
I 

iQ 
Nucleus Level J TII2 I /-L or n 

(keV\ 

~!Cr 1434 0.90ps [2J [1-0 .082 16] 

~;Cr 1434 0.90ps [2J -0.09· 13 

~!Cr gs - (3/2) +0.046 

~:Cr 834 8.9ps [2] -0.12" }O 

~:fe 847 7.4ps [2] -0.345 54 

~:Fe 847 7Aps [2J -0.22· 6 

~:Fe 847 7.4ps [2] -0.2:~ 3 

I 

~!Fe gs 1/2 

;:Ni 1450 0.67ps 12J -0.12" 13 

-0.16· 10 

;:Ni 1450 0.o7ps [2] "0. 14 P 10 

~~Ni 1330 0.80ps [2] :!:o.oo 13 

+0.07" 9 

~~Ni 1330 0.80ps [2J +0.01" 10 

~~Ni 1330 O.80ps [2J [-0.104 18J 

~~Ni 1170 1.57n5 [2] 1:!:0,0812 

~~Ni 1170 1.57n5 [21 -0.08 P 17 
I 

1+0.37" 20 ~!Ni 1170 1.57ps [2] 

~:Ni 13;:;0 0. ?8ps [2] 1+0.35' 20 

~~Zn 992 2.7ps [2] [-0.135 16] 

;~Zn 884 3ps [2J [-0.21 3] 

70 
32Ge 1040 L3ps [2] +0.02 11 

+0.003 100 

;~Ge 596 12ps [21 -0.12 16 

~~Ge 563 17.6ps [2] -0.03 17 

;~Ge 563 17.6ps ]2J 0.18 14 

or +0.055 140 

I 

1'028 /2 
I 

!~4Ru 358 S8ps [21 

~~'Pd 556 9.7p, [21 

or +O.OJ 10 

~~·Pd 512 12.0ps [2J 1-0.466 

or '-0.28 6 

!~"Pd 512 12.0ps [21 1-0 .52 II 
or -0.25 12 

:~'Pd 434 23.8ps [2] i--O.58 13 

or -·0.37 12 

Refer. i Method 

72Pe22 1 eSc 
72To12 CExRO 

7lThl9 CExRO 

721'012 CExRO 

70Scl5 CExRO 

71Lel7 CExRO 

711'hl4 CExRO 

551'r21 

70Le17 CExRO 

71 Le 17 

71Ch25 CExRO 

I 69ClO5 CExRO 

71Lel7 

71Ch25 CExRO 

72Li12 eSc 

69Ha31 CExRO 

70Lel? CExRO 

71Ch25 CExRO 

71Ch25 CExRO 

72Li12 eSc 

72Li12 eSc 

,. 
695"5 CExRO 

695c32 CExRO 

695c32 CExRO 

695il5 CExRO 

CExRO 

70ChOI, CExHO 

71 HaOB 

70Be45 CbRO 

70ChOI CExRO 

71 Ha08 

7 I Ha()!l CExRO 

Measured 

Quantity 

(M 22)" = 0.30637 

Environment and 

Comments 

CEx with 12C, '·0, 

32S ;llsed Q~~ = 

0.30491b 

CEx with 55; 59!\1cY"S 

CEx with 12C, 160, 325; 

used Q~~ = 0.304 91 b 

CEx with 25; 30McV '·0 

Fe( 32 S,S') 

CEx with 25; 27.5MeV 

'·0 and 56.0MeV "s 
on Fe metal. For 1:"0>28 

MeV, M 2,affected by 

nuclear interactions. 

Fe(polarized thermal 

n,")'J. Observed left 

circular polarization 

of 7640")' to g. s. 

CEx with 12 C , 160, 

"s on thick target 
58Ni (I"O,O') 

CEx with '·0,"5 

6°Ni('"O,O') 

CEx with 2·Si on 62Ni 

CEx with "s, '·0, 

12C on thick largel 

62 Ni( 160,0') 

MNi ('60 ,0') 

I. • CEx wIth 0, He on 

70Ce on C foil 

"Ge(160 ,O') 

76 GC('·O,O') 

CEx with '·O:He on 

'"Ge on C foil 

:tvalue attributed 10 Slclson 

deleted at request of author 

CEx with 'He, 160 on 
lJ)"Pd 

C Ex with 160 , 32S on 

I"Pd 

CEx with 4He, 160 on 
l116 Pd 

CEx with 'He on "'"Pd 

on C foil; CEx with 160 

on I!
18Pd on Ni or AI; 

i neluded 4 excited 

states in analysis 
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1012 GLADYS H. FULLER 

Table K: Nuclear Moments by 
Coulomb Excitation Reorientation and Inelastic Electron-Scattering - Continued 

Nucleus Level 1',/2 I I IL or !1 Q Refer. Method Measured Environment and 

(keV) Quantity Comments 

!~·Pd 434 23.8ps [2] -0.57' 5 71 Sc.30 CExRO '
OIl Pd metal foils("S, 

or -0.35 5 S') 

!!OPd 374 4S.8ps [2] 1-0.83.19 68St28 CExRO CEx with 'He,'·O 

!!"Pd 374 45.8ps [2] -0.485 70Be45 CExRO C Ex with 160,'2S on 

or -0.27 5 II°Pd 

~!OPd 374 45.8ps [2] -0.72 12 7lHn08 CExRO CEx with 'He on !l°Pd 

or ~0.45 12 on C; CEx with '·0 

! on "oPd on Ni; 
i 

! i neluded 5 excited 

states in analysis 

!!OPd 374 45.8ps [2] i 7lWa07 CExRO Q~: o_Q; ~ 8=-0.11' 4 CEx with 'He, '2C, '·0, 

Q~:o-Q~~'=-O.W 7 35 C I; assumed 

constructive 

interference. 

!!OPd 374 1-S.8ps [2] [-0.283] 72P,,22 eSc 

~~6Cd 633 6ps [2] -0.84:j: 28 70St17 CExRO CEx with 'He,'60 , 
32S ,40 Ar 

*Could not separate y's of I06Cd and lOBed 

Based on Q( I"Cd 2' state) = -0.38 

!~·Cd 633 6ps [2] -0.61+ 70K112 CExRO I CEx with 'He,'·O, 

to -0.97* 32S on 1ll6Cd 

.Corrected [or yy attenuation 

!~·Cd 633 5ps [2] -0.84:j: 28 70St17 CExRO I CEx with 'He,'60 , 

"5,40 Ar 

:j:Could not separate y's of I()6Cd and "'"Cd 

Based on Q( 1l4Cd 2' state) = -0 . .38 

~!"Cd 656 4.6ps [2] -0.40· 10 70Gr29 CExRO CEx with 'He, '60 

!~OCd 656 4.6ps 

I 
[2] -0.24:1: 10 705117 CExRO CEx with 'He, 16O, 

"5,40 Ar 

I 
:j:Based on Q( I14Cd 2+8tat,,) = -0.38 

~~oCd 656 4.6ps [2] -0.42 10 71Be36 CExRO i CEx with 8-16MeV 'He 

or -0.21 10 ~7-48MeV 160 

!!OCd 656 4.6ps [2] • -0.558 71 Ha08 CExRO CEx with 'He on "oCd 

or -0.31 7 on C; CEx with 1·0 on 

"oCd on Ni; included 

5 excited slates in 

analysis 

!~2Cd 617 6.2ps [2] :j: CExRO :j:value attributed to Stelson 

deleted al request of author 

l~2Cd 617 6.2ps [2] -0.15:1 7 705117 CExRO I CEx with 'He,'·O, 
"5, ""Ar 

tBased on Q( "'Cd 2+ slale) = -0.38 

!!'Cd 558 9ps [2] -0.49 25 67Si03 CExRO CEx with 160 , 32S on 

I"Cd; 7 slates 

included in fit 

!!'Cd 558 9ps [2] -0.9010 67St03 CExRO CEx with 'He, "c, 1·0 

··0.54 on 1I4C dO" measured 

-0.58+ to al ~ 180°; 7 stales 

-0.35:1: included in fit 

1 
:j:Correeted for perturbation of angular 

correlations by deBoer, quoted in 69Sa27 

!!'Cd 558 9ps [2J +0.05 27 68Si05 CExRO C Ex with 'He,'·O on 

or -0.21 28 '''Cd 

~~4Cd 558 9ps i2] 1.0.68 10 69Sa27 CExRO CEx with 'He, 16 0 on 

'14(' II 
! to ·-0.43 f() 

I 
114Cd 

I 
! -0.53' i7 CEx with Hel+,C" 

48 ~{ 558 I 9ps [2] 70An09 CExRO 
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Table K: Nuclear Moments by 

Coulomb Excitation Reorientation and Inelastic Electron-Scattering - Continued 

Nucleus Leve~'~ 1'112 I IL or n Q Refer. Method Measured Environment and 

(keV Quantity Comments 
i 

~~'Cd 558 9ps [2] -0.28+ 11 70KI12 CExRO CEx wilh 'He, 160 , "s 
10 -0.40+ 12 on I"Cd on Ihin C 

foil or thick Ni foil 

:l:Correcled [or allenualion of angular 

correlation 

l~'Cd 558 9ps [2J -0.64 19 70Sc15 CExRO CEx with 25; 30MeV 160 

on 'J4Cd in Cu 

sandwich 

!~'Cd 558 9ps [2] -0.289 71Be36 CExRO CEx with 8-16MeV 'He, 

or -0.03 9 37-48MeV 100. 
-O.32:j: 8 Deviations from 

Coulomb interactions 

observed for Eo > 10 

MeV and E o>46MeV 

:j:Average of Q-values of 70KlJ2 and 71Be36. 
!!4Cd 558 9.2ps [2J -0.293 72Pe22 eSe 

~~oCd 513 13.7ps [2J ·-1.16 to 67SI03 CExRO CEx with 'He, "c, 100 
-0.70 on ll·Cd0 2 ; included 

.5 levels in fit 
~~oCd 513 13.7ps [2] -0.88t 25 70St17 CExRO I CEx with 'He, 160 , 32S , 

40 Ar 

:l:Based on Q('14Cd 2+ sial e) = -0.38 

;~ 'Sn 1257 3ps [2] -0.15+ 18 70S120 CExRO I CEx with 'He, 160 

tBased on Q( I2OSn 2+slate) = +0.09 10 
;~oSn 1290 OAps [2] +0.0913 70K106 CExRO ~ CEx with 'He, 160, 

included 4 levels in 

fit 
~~6Sn 1290 OAps [2] +O.OH 16 70St20 CExRO CEx wilh 'He, \60 

tBascd on Q(12°Sn 2+slale) = +0.09 10 

~~oSn 1290 O.4ps [2] [-0.143] 72Pe22 eSc 

I CEx with 'He,'60 ~~8Sn 1230 O.Sps [2] -0.23* 16 70S120 CExRO 

:j:Based on Q( I2OSn 2+8tale) = +0.0910 

~~oSn 1170 0.5ps [2] +0.09 10 70S120 CExRO I CEx wilh 'He, 160 

~~'Sn 1140 0.6ps [2] -0.28* 17 70St20 CExRO CEx with 'He, 160 
tBased on Q(12°Sn 2+slale} = +0.09 10 

~~'Sn 1130 0.8ps [2J -0.24 15 70KI06 CExRO IE· 4 16 32 C X wllh He, 0, S 

: on I"Sn; 4 levels 

:~'Sn 1130 0.8ps [2] +0.07* 17 70S120 CExRO 
I included in fit 

CEx with 'He, 160 
tBased on Q(12°Sn 2+slale} = +0.09 10 

I22Te 
I 

564 7.6ps [2] 
* CExRO tValue attributed to Stelson 

deleted at request of author 

~;'Te 6o:l 4.3ps [2] -O.SO· 10 72K102, CExRO CEx with 'He, "'0 on 

or -0.27" 10 71KI06 12'Te 

~;6Te 667 4.4ps [2] -0.5010 67St16 CExRO C Ex with 'He, '60 
-0.16 

;;6Te 667 4Aps [2] -0.20' 9 72K102, CExRO C Ex with 'He,'oO 

or -0.00' 9 71K106 on 126Te 

!;8Te 743 3.2ps [2] -0.10 10 67St16 CExRO CEx with 'He,"O on 

-0.01 "/liTe 
;;3Te 743 3.2ps [2] -0.07 P 9 72K102, CExRO CEx with 'He, 160 on 

+0.12" 9 I 71K106 
128Te 

!;OTe 840 

I 
2.0ps [2J -0.19 15 70ChOl CExRO C Ex with 'He, 160 on 

or -0.12 15 I 
l30Te 
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Table K: Nuclear Moments by 

Coulomb Excitation Reorientation and Inelastic Electron-Scattering - Continued 

Nucleus: Level f ll, I 

• 

/l. or n lQ Refer. Method Measured Environment and 

(keV) : Quantity Comments 
i 

~!OBa 356 6;{ps 12] 11.13 29; 67Si03 CExRO perturbation calc.; CEx with '60, 32S on 

-] ]0 34 

I 72To13 

2 level calc. l30Ba 

~!OBa 356 6:lps [2] +0.:)1 P 22 CExRO CEx with 32S,"'Ca 

or +0.43"' 22 tFor asymmetric rot~r 
!!4Ba 605 7ps [2) -0.46" II 69Ke16 CExRO CEx with '6O 

or -0.70' If 

!~4Ba 605 7ps 
. 

CEx with 32S, "'Ca 12] +0.16 P 28 72To13 CExRO 

or +0.21" 22 tFor asymmetric rotor 

!!6Sa 818 I.Sps [2] Inegative, 69Ke16 CExRO CEx with 16 0 

i small" 

~~6Ra 818 LSps [2] !"+0.:14" 52 72To13 CExRO CEx with ""Ca 

or !IOA3"' 52 tVor asymmetric rotor 
i 

~:2C,e 
I 

17OEnoi 
160 650 6.2ps 121 1-0

.
129 CExRO CEx with 

~~4Nd 69S 4.2ps [2] !+0.03:1: 21 70Ge08 CExRO CEx with He,O,S on 

or -0.07+ 15 thick Nd metal targets 
I i :fUsed Q,+( Iso Nd) = -]A8 or -2.00 51 

~~'Nd 695 4.2ps [2] 1-0 . 17 71CrO] CExRO '''"'Nd 20, on C(42MeV 

or --0.61 : '·0,0') 

~~·Nd 454 21ps [2] -0.63+ 10, 70Ge08 CExRO I CEx with He,O,S 

-0.78+ 9 tUsed Q,,(;ONd) = -1.48, -2.0051 

!~·Nd 454 2lps [2] -0.7220 71CrO·] CExRO 11<INd,O, on C(42MeV 

'60,0') 

!~"Nd 300 116ps [2] -1.24+ 14, 70Ge08 CExRO CEx with He,O,S 011 Nd 

-1.46t 13 metal 

tF'or Q,+('50 Nd) = -148, -2.0051 

!~8Nd 300 1l6ps [2] -1.36 30 71CrOl CExRO 148 Nd ,O,on C(42MeV 
160,0') 

!~ONd 132 1.52ns [2] -1.34" 54 69Kel7 CExRO C Ex with 'He, '6O 

~~ONd 132 1.52ns [2] -2.00t 51 70GeOB CExRO CEx with He,O,S on Nd 

:fVor hest fit to Nd data of Crowley 

and this paper 

!~·Sm 551 7ps [2] -0.77 34; 675i03 CExRO perturbation calc.; C Ex with 1·0, "S on 

-0.7338 4 level calc. '''Sm 

!;"Sm 55] 7p" [2) -0.2428 70Ge07 CE:xRO CEx with He,O 

or +0.28 28 

!~·Sm 551 7ps [2] -0.97" 27 72CIl2, CExRO CEx with 'He, '60 . or 

71G13 "s on thick Sm target; 

used Q;:' = -1.653b 

!;OSm 334 4Bps [2] -1.28 20; 67Si03 CExRO perturbation calc.; CExwith 160 ,"Son 

-1.22 22 4 level calc. ""S m 

!;OSm 334 48ps [2] -1.21 d 68Gr03 CExRO tCorrections to reorientation by fJ and y 

bands reduce Q ~ 10%. 

!~OSm . 334 48ps [2] I-L)]" 19 72C1l2, CExRO I CEx with 4He,I·0,"S; 

71G13 used Q~: 2 = -1.653b 

!:'Sm ]22 1.4n. [2J -1.86 65Go06 CExRO CEx with '·0 

!;'Sm 122 lAns [2] -1.65 19 70Ka45 CExRO CEx with ~ 23MeV 1.0 

!;'Sm ]22 l.4ns [2] -1.82" 12 71ClB CExRO CElt with 'He, 160 , "s 

!:6Er 80.6 1.82n8 [2J -2.87 95 70Ka45 CExRO CEx with ~ 35MeV 1·0 

!:6Er 265 120ps [4] -2.67"+ 90 69Mc20 CExRO CEl< with 'He, '60 

!~6Er 787 ? [2J + 2.00· 32 69Mc20 CExRO CEx with 'He,"O 

~:·Er 264 

I 
J20ps [4J -2.2" 10 70Mc27 CExRO CEx with 'He, '·0 on 

I I68Er 
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Table K: Nuclear Moments by 

eoulomb Excitation Reorientation and Inelastic Electron-Scattering - Continued 

Nucleus Level, I T 1/2 I !k or n Q 
(keV)' 

!!OEr 79 2,On8 12] - 1,95'+ 26 

!!OEr 261 135ps [4] -2,2" 10 

~~2Yb 260 132ps [4] -2,3· 12 

;~'Yb 252 ? [4] ,- 1,8" 12 

:~·Yb 270 ? {4] -0,93" 120 

:!·w 399 25ps [4] -2,6· 13 

i:·W 730 4.2ps [2] +0.74 42 

~:40S ? ? [2] -2.4." 1/ 

::60S 137 840ps [2] :':1.47" 54 

;:·0. 155 7 lOps [2J -0.3938 

or - 1..31 34 

::°08 187 350ps [2] \+0.2712 

or -0.99 13 

::20. 206 280p. {2] 1+ 1.22 19 

or -0.41 20 

;:'Pt 328 35ps [2] 1+0.64 16 

or +0.87 18 

i:·pt 356 35ps [2] 1+0,51 18 

or +0.58 18 

~:8PI 408 19ps [2] + 1.2250 

~~·Pb 2615 15ps [3] -1.36 

;~8Pb 2615 15ps [3] -1.1"4 

or -0.9"+ 4 

* Polarization or Sternheimer correction ineluded 

• Recalculation of earlier data 

'Intrinsic quadrupole moment 

RefeL Method 

72Ke22 CExRO 

70Mc27 CExRO 

70Mc27 CExRO 

70Mc27 CExRO 

70Mc27 CExRO 

70Mc27 CExRO 

69Mc20 CExRO 

71 La24 CExRO 

71 La24 CExRO 

70Pr09 CExRO 

70Pr09 CExRO 

70Pr09 CExRO 

69GlO8 CExRO 

69GlOS CExRO 

69Gl08 CExRO 

69Ba51 CExRO 

728a88 CExRO 

• Preliminary value from meeting abstract, report, thesis, or private communication 

Measured Environment and 

Quantity Comments 

CEx with "Br 

:j:No appreciable higher-state corrections 

needed 

C Ex with 'He, 160 on 
17°Er 

CEx with 'He, 160 on 
172Yb 

CEx with 'He, '60 on 

'''Yb 
CEx with 'He, 160 on 

"·Yb 

CEx with 'He, 160 
on l .. W 

CEx with 'He, 160 

Relative \0 

Q ~~ •. I90,I92(70Pr09) 

Relative to 
Q;~ •. I ... 1'2(70Pr09) 

CEx with 'He,160 

CEx with 'He, 160 

CEx with 'He, 160 

CEx with '·0, 'll 

on ''''PI 

CEx with 160,'H 

on "·Pt 

CEx with " O ,IH 

on "·PI 

C Ex with 'He, "0 

:l:For Q~~.= ° CEx with "c, 'ONe, 

or -0.36 b 32S ,"'Ar on Ph; 

measured relative 

y-yields 

----
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The references are listed here according to their 
alphanumeric code number. The first two digits 

represent the year of publication. The two letters that 
follow are the first two letters of the first surname. 
Compound surnames, such as those beginning with 
de, Van, von; zu, are alphabetized by the first two 
letters of the compound name, e.g. De, Va, Vo, ZU. 
The digits that follow are merely ordering numbers. 

The references before 1960 had originally been 
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given single letter codes, as they appear in the 
tables. The Nuclear Data Project reference numbers 

have all been converted to two letter (six 

alphanumeric) codes, which keep the same ordering 
number for numbers below 100. For those above 100, 

the hundreds digit has been dropped, while 100 

becomes 10. Since there are less than 10 references 

with the same letter for any year before 1960 in our 

table, it win not be difficult to find the correct 
reference. 
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S.Geschwind, R.Gunther-Mohr. C.H.Townes - Phys. Rev. 81, 288 (1951, 
W.Gordy - J.Chern.Phys. 19,792 (1951) 
Interpretation of Nuclear Quadrupole Coupling in Molecules 
J.Ha+:ton, B.V.Rollin, E.F.W.Seymour - Phys.Rev. 83. 672 (1951) 
Nuclear Magnetic Resonance Measurements on Be 9 , A127 and Si 29 in Beryl 
D.M.Hunten - Can.J.Phys. 29, 463 (1951) 
Nuclear Magnetic Moment of Scandium. Mass 45 
V.Jaccarino, J.G.King - Phys.Rev.83, 471 (1951) 
On the Ratio of the Nuclear Magnetic and Electric Quadrupole Interactions 

for Atomic C13s and C137 
C.D.Jeffries - Phys.Rev. 81, 1040 (1951) 
A Direct Determination of the Magnetic Moment of the Protons in Units of the 

Nuc lear Magneton 
C.M.Johnson, W.Gordy. R.Livingston - Phys.Rev. 83,1249 (1951) 
T.Kanoa. Y.Masuda, R.Kusaka., Y.Yamagata, J.Itoh - Phys.Rev. 8],1066 (1951) 
J.G.King, V.Jaccarino - Phys.Rev. 84, 852 (1951) 
H.Kruger - Z.Physik DO, 371 (1951) 
H.Kuhn, G.K.l1oodgate - Proc.Phys.Soc. (London) 6411., 1090 (1951) 
Nuclear Spin and Magnetic Moment of Rhodium 10JRh 
R.Livingston - Phys.Rev. 82, 289 (1951) 
The Quadrupole Moment Ratio of Clls and C137 from Pure Quadrupole Spectra 
C.C.Loomis, M.W.p.strandberg - Phys.Rev. 81, 798 (1951) 
Microwave Spectrum of Phosphine, Arsine, and Stibene 
R.A.Logan, 11. Kusch - Phys.Rev. 81,280 (1951) 
On the Nuclear Magnetic Moment of Na 23 

1023 

J. Phys. Chem. Ref. Data, Vol. 5, No.4, 1976 



1024 

51Mi20 

51Pr02 

51Sc01 

51Scl1 

51Sh33 

51Sm72 

515034 

51St 93 

51To19 

51V r 06 
51Wa12 

51Wa24 
5111e11 

5lY a 03 

52A e 01 

52Ba63 

52B 021 

52B051 

528066 
52Br40 
52B r11 

52D 3. 1 9 

52De21 

52Ei09 

528 s 01 

52Ge26 

52G i04 
52::; r 19 

52J a 18 

5 2J e05 

52K a 06 

52K a43 

52K e07 

52K i31 

52Ko10 

GLADYS H. FULLER 

S.L.Miller, A.Javan. C.H.Townes - Phys.Rev. 82, 454 (1951) 
The Spin of 0 18 

W.G.Proctor, F.C.Yu - Phvs.Rev. 81, 20 (1951) 
On the Nuclear Magnetic Moments of Several Stable Isotopes 
N.A.Schuster, G.E.Pake - Phys.Rev. 81, 151 (1951) 
The Electric Quadrupole Moment of Li6 
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J.A.Vreeland, K.Murakawa - Phys.Rev. 83, 229A (1951) 
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G.S.Bogle. H.E.D.Scovil - Proc.Phys.Soc.(London) 65A, 368 (1952) 
Nuclear spins of Samarium 141 and 149 
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F.M.Kelly, H.Kuhn. A.Pery - Proc.Phys.Soc.(London) 67A. 450 (1954) 
Hyperfine Structures in the Atomic Spectra of Calcium 
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K.L.lTander Sluis, J.R.McNally.Jr. - J.Opt.Soc.Am. 44, 87 (1954) 
Nuclear Moments of U233 and U235 
M.van den Berg, P.F. A.Klinkenberg - Physica 20, 461 (1954, 
The optical spectrum of Plutonium and its Hyperfine Structure 
H. E. Walchli - ORNL-1115 (1954) 
Some Improved Measurements of Nuclear Magnetic Dipole Moments by Means of 

Nuclear Magnetic Resonance 
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(1955); See Also 57Sa07 
Magnetic Moment of the Proton 
P.S.Farago, M.Gecs, J.Merz - Nuovo cimento 2,1110 (1955) 
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V.E.Krohn, S.Raboy - Phys.Rev. 97, 1017 (1955) 
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Uncoupling Effects in the Microwave Spectrum of Nitric Oxide 
56Go14 G.Gould - Phys.Rev. 101, 1828 (1956) 
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A.C.Melissinos, S.P.Davis - Phys.Rev. 115, 130 (1959) 
Dipole and Quadrupole Moments of the Isomeric Hg197* Nucleus; Isomeric 

Iso tope Shift 
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(1960) 

On thE Theory of Multiple Coulomb Excitation with Heavy Ions 
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R.W.Bauer. M.l)eutsch, G.S.Mutchler, D.G.Simons - Phys.Rev. 120, 946 (1960) 
Nuclear orientation of Mn S • and Mn 52 m 
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Nuclear Spin of Samarium-153 

1037 

J. Phys. Chem. Ref. /.}ata, Vol. 5, No.4, 1976 



1038 

6DCa15 

60Ch08 

60:::h09 
50Ch 13 

60::: h 15 

60De16 

60Do01 

6DE 10'06 

601' aDa 

60Fe07 

601' e08 

60FIO) 

60Ga12 

60Ha05 

60H a 3) 

60He17 

6DHu14 

60J 012 

60Ka24 

60Ki03 

GOn02 

60K020 
60Kr 01 

60Kr08 

60Ky01 

60Le05 
60Li 1 0 

6DLi11 

60Li 13 

60Lo01 

GLADYS H. FULLER 

A.Y.Cabezas, I.JJindgren - Phys.Rev. 120,920 (1960) 
Atomic Ream Study of the Hyperfine Structure of Thulium-110 
W.J.Childs, L.S.Goodman - Phys.Rev. 118, 1578 (1960) 
Nuclear Spin and Hyperfine Interaction of In113m 
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W.E.Blumberg, J.Eisinger, M.P.Klein - Phys.Rev. 124,206 (1961) 
Isotope Effect in the Nuclear Magnetic Resonance in Rubidium 
E.Bodenstedt, H.J.Korner, C.Gunther, J.Radeloff - Nuclear Phys. 22,145 
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Ubergange 3d9 4S2 m2D-3d 10 4p 2p im Kupfer I-Spektrum 
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Co., Ltd., London, p.99 (1961) 
Paramagnetic Substances for Nuclear Orientation 
C.D.Jeffries - Prog.Cryog. 3, K.Mendelssohn, Ed., Academic Press, Inc., New 

York,N.Y., p.129 (1961) 
Dynamic Nuclear Orientation 
E.Karlsson, C.-A.Lerjefors, E.Matthias - Nuclear Phys. 25, 385 (1961) 
The Gyromagnetic Ratio of the 155 keY-Rotational level in OS188 
Y.Kato - J.Phys.Soc.Japan 16, 122 (1961) 
Vibrational Effect on the Nuclear Quadrupole Coupling in ND3 
R.J.King, J.A.f'ameron, ELK.Eastwood, R.G.Summers-Gill - can.J.Phys. 39.230 

(1961) 
The Nuclear Spin of Indium-115m 
a.e.Kistner, A.W.Sunyar, J.B.Swan - Phys.Rev. 123, 179 (1961) 
Hyperfine Structure of the 24-keV Transition in Sn l19 

P.Kienle, M.Kalvius, F.Stanek, F.Wagner, R.Eicher, W.Wiedemann -
Proc.Intern.Conf.Mossbauer Effect, 2nd, Saclay, France, (1961), 
D.M.J.Compton, A.H.Schoen. Ed., John Wiley and Sons, Inc., New York, p.185 
(1962) 

Hyperfine Splitt.ing of r;amma Rays from Rare Earth Nuclides 
M.P.Klein, J.Happe - Bull.Am.Phys.Soc. 6, No.2, 104, All (1961) 
Nuclear Moment and Knight Shift of W183 
A.Knipper - Ann.phys. 6,211 (1961) 
Contribution a l'Etude Experimentale de Niveaux Excites de Quelques NoyauK 

Ranioactifs par la Mesure de Leur Periode, par 1a Methode des Correlations 
Angulaires et par la Methode d'Orientation Nucleaire AUK Basses 
Tern peraturf's 

R.H.Kohler - Phys.Rev. 121, 1104 (1961) 
Detection of Double Resonance by Frequency Change: Application to Hg201 
W. Kun dig - Relv. Phys. Acta 34, 125 (1961) 
Einfluss des Paramagnetisrnus auf die Richtungskorrelation (Messung 

magnetischer Kernrnoments von Dy160 und Er166) 
H.Kuiper - Z.Physik 165, 402 (1961) 
Messung der Hyperfeinstruktur-Aufspaltung des metastabilen 3Pz -Zustandes des 

Kr83 nach der Atomstrahl-Resonanzmethode 
L.G.Lang, S.De Benedetti, R.I.Ingalls - Proc.Intern.Conf.Mossbauer Effect, 

2nd, Saclay, France·, (1961), D.M.J.Compton, A.H.Schoen, Ed., John Wiley 
and sons, Inc., New York, p.168 (1962) 

Interaction Between Fe-57 and its Crystalline surroundings 
C.A.Lerjefors. E.Matthias, E.Karlsson - Nuclear Phys. 25.404 (1961) 
The Gyromagn~tic Ratio of the 137 keY Rotational Level in OS186 
P.Les - Acta Phys. Polon. 20, 775 (1961) 
Nuclear Electric Quadr.upole Moments of 121Sb and 123Sb 
R.Marrus, J.~linocur - Phys.Rev. 124, 1904 (1961) 
Hyperfine Structure and Nuclear Moments of Americium-242 
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H.Marrus, Il.A.Nierenberg, J.Winocur - Nuclear Pbys. 23, 90 (1961) 
Hyperfine structure and Nuclear Moments of Protactinium-233 
F.R.Metzger - Nuclear Phys. 27.612 (1961) 
Lifetime and g-Factor of the First Excited State in Fe 56 
Q.O.Navarro, D.A.Shirley - Phys.Rev. 123,186 (1961) 
Nuclear orientation of Dy155 and DylS7 
C.M.Olsrnats, S.Axensten, G.Liljegren - Arkiv.Fysil<; 19,469 (1961) 
Hyperfine structure Investigation of P0205 and P0207 
H.E.Radford. V.W.Hughes, V.Beltran-Lopez - Phys.Rev. 123. 153 (1961) 
Microwave Zeeman Spectrum of Atomic Fluorine 
E.I/.T.Richards, A.Ridgeley, N.J.Atherton, H.S.Wise - Nature 192, 444 (1961) 
Nuclear spin of Protactinium-231 from Hyperfine Splitting 
M.E.Rose, R.L.Carovil1ano - Phys.Rev. 122, 1185 (1961) 
Coherence Effects in Resonance Fluorescence 
A.Rytz, H.H.Staub, H.Winkler - Helv.Phys.Acta 34, 960 (1961) 
Absolute Precision Determination of Several Resonance and Threshold Energies 

and the a Particle Energy of P0210 
D.A.Shirley, J.F.Schooley, J.O.Rasmussen - Phys.Rev. 121, 558 (1961) 
Gamma-Ray Anisotropies from Oriented Pm l44 
V.V.Sklyarevskii, B.N.Samoilov, E.P.Stepanov - Zhur.Eksptl.i Teoret.Fiz. 40, 

1874 (1961); Soviet Phys.JETP 13, 1316 (1961) 
G.V.Skrotskii. T.G.lzyumova - Usp.Fiz.Nauk 73. 423 (1961); Soviet 

Phys.Uspekhi 4, 177 (1961) 
Optical Orientation of Atoms and its Application 
J.L.Snider, M.Posner. A.M.Bernstein, D.R.Hamilton - Bull.Am.Phys.Soc. 6, 

No.3, 224, A1 (1961) 
Nuclear spins of N13 and Cli . 
R.Stiening, !'I.Deutsch - Phys.Rev. 121, 1484 (1961) 
Magnetic Moment and Hyperfine structure Coupling of the First 2+ State In 

Gdt 54 
H.J.Stapleton, C.D.Jeffries, D.A.Shirley - Phys.Rev. 124, 1455 (1961) 
Paramagnetic Resonance of Trivalent Pm 147 in Lanthanum Ethyl Sulfate 
R.W.Terhune, J.Lambe, c.Kikuchi, J.Baker - Phys.Rev. 123, 1265 (1961) 
Hyperfine Spectrum of Chromium-53 in A1 2 0 3 
J.C.Walker, D.L.Harris - Phys.Rev. 121, 224 (1961) 
G.K.Wertheim - Bull.Am.Phys.Soc. 6, No.1, 8 A9 (1961) 
Mossbauer Effect of PeS7 in A1 2 0 3 
H.H.F.Wegener, F.E.Obenshain - Z.Physik 163, 11 (1961) 
Mossbauer Effect for Ni 61 with Applied Magnetic Fields 
G.K.Wertheim, D.N.E.Buchanan - Proc.lntern.Conf.Mossbauer Effect, 2nd, 

Saclay. France, (1961). D.M.J.Compton. A.R.Schoen, Ed., John wiley and 
Sons. Inc., New York, p.130 (1962) 

The Hyperfine Structure of Fe-57 in Various Oxides 
S.S.Alpert, E.Lipworth, M.B.White, K.F.Smitb - Phys.Rev. 125. 256 (1962) 
Hyperfine structure and Nuclear Moments of RaE (Bi210 ) 
S.S.Alpert, B.Budick. E.Lipworth. R.l'larrus - Bull.Am.Phys.Soc. 7, No.3, 239, 

YB9 (1962); See Also 61Al20 
Nuclear Spin of Neodymium-141 
S.Axensten, G.Liljegren. I.Lindgren, C.M.Olsmats - Arklv Fysik 22, 392 

(1962 ) 
Nuclear spin Measurements on TI, Po, and Te Isotopes 
J.M.Baker. F.LB.Williams - Proc.Roy.Soc.(London) 267A, 283 (1962) 
R.W.Bauer, M.Deutsch - Phys.Rev. 128, 751 (1962) 
Magnetic Moments of the First Excited 2+ States in Sm i52 , Gd IS4 • and Gd i56 
J.D.Baldeschweiler - ,l.Chem.Phys. 36, 152 (1962) 
H.J.Behrend. D.Budnick - Z.Physik 168, 155 (1962) 
Die Bestimmung des Kern-Quadrupolmomentes des 247 keV-Niveaus des 

Cadmium-111 durch Messung der zirkularen Polarisation der r-Strahlung 
L.R.Bennett, R.L.Streever,Jr. - Phys.Hev. 126, 2141 (1962) 
Nuclear Moment of Ni 61 
I.Bergstrom, P.Thiebarger - Arkiv Fysik 22, 307 (1962) 
Determination of the Magnetic Moment of the First Excited State in SC·· 
F.Bitter - Appl.Opt. 1. 1 (1962) 
E.Bozek, A.Z.Hrynkiewicz, J.Styczen - Phys.Letters, 1, 126 (1962) 
g-Factor of 482 keV State of 181Ta Measured with the Differential Method 
E.Bodenstedt, H.J.Korner, F..Gerdau, J.Radeloff, K.Auerbach. L.Mayer. 

A.Roggenbuck - Z.Physik 168, 103 (1962) 
Das gyromagnetische Verhaltnis des 2+-Rotationsniveaus von Hf 178 und weitere 

untersuchungen zum Zerfall von W178 
A.J.F.Boyle, D.SLP.Bunbury, C.Edwards - Proc.Phys.Soc. (London) 79, 416 

(1962) 
The Isomer Shift in 119Sn and the Quadrupole Moment of the First Excited 
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E.Bodenstedt, H.J.Korner, E.Gerdau. J.Radeloff, K.Auerbach. L.Mayer, 
A.Roggenbuck - Z.Physik: 168, 370 (1962) 

Die magnetischen Momente der 5--Niveaus von Sn lte und Sn 120 
E.Bodenstedt, H.J.Korner. E.Gerdau. J.Radeloff, L.l1ayer, K.Auerbach. 

J.Braunsfurth, G.Mielken - Z.Physik 170, 355 (1962) 
Der g (R)-Faktor des 2+-Rotationsniveaus von Er16e 
E.Bozek, A.Z.Hrynkiewicz, Z.Konieczny. M.Rybicka, S.Szymczyk - Acta 

Phys. Polon. 21, 307 (1962) 
Nuclear g-Factor of the 113 keV Rotational Level in Hft?? 
E.Brun, J.J.Kraushaar, W.I •• Pierce, W.J.Veigele - Phys.Rev.Letters 9,166 

(1962) 
Nuclear Magnetic Dipole Moment of Ca. 1 
V.A.Bryukhanov. N.N.Delyagin. V.S.Shpinel - Zhur.Eksptl.i Teoret.Fiz. 42, 

1183 (1962); Soviet Phys.JETP 15, 818 (1962) 
R.Bramley, B.N.Figgis, R.S.Nyholm - Trans.Faraday Soc. 58, 1893 (1962) 
13C and 17 0 N.M.R. Spectra of Metal Carbonyl Compounds 
J.I.Budnick - Bull.Am.Phys.Soc. 7, No.4. 295, H15 (1962): Oral Report 
Nuclear-Magnetic-Resonance Determination of the Sign of the Hyperfine Field 

in Nickel Metal 
H.Bucka, H.Kopfermann, J.Ney - Z.Physik 167, 375 (1962) 
Doppelresonanzuntersuchung del' Hyperfeinstruktur des ~ 2P3/Z-Terms im K 

I-Spektrum zur Bestimmung des elektrischen Kernguadrupolemoments des K40 
J.Button, B.Maglic - Phys.Rev. 127, 1291 (1962, 
Experimental study of the Polarization and Magnetic Moment of the Antiproton 
H.Bucka, G.von Oppen - Ann.Physik 10, 119 (1962) 
Hyperfeinstruktur und Lebensdauer des 8 2 P3 / a-Terrns im Cs I-Spektrum 
A.Y.Cabezas, I.P.K.Lindgren. R.MatTUS, W.A.Niereni::erg - Phys.Rev. 126, 1004 

(1962) 
Hyperfine Structure of Praseodyrnium-142 
J.A.Cameron, H.J.King, H.K.Eastwood, R.G.Summers-Gill - Can.J.Phys. 40, 931 

(1962) 
The Magnetic Moment of Indium-115m 
Y.W.Chan, W.B.Ewbank, W.Nierenberg. H.A.Shugart - Phys.Rev. 127, 512 (1962) 
Nuclear Spin of 9.S-hr Au 196 m 
Y.W.Chan - Thesis, Univ.California (1962); UCRL-10334 (1962) 
The Nuclear Spins and Magnetic Moments of Agl12, Agl13, Au195 • AU 196 , and 

Au 196 m 
D.Connor, Tung Tsang - Phys.Rev. 126, 1506 (1962) 
Sign of the LiB Magnetic Moment 
V.W.Cohen, T.Horan. S.Penselin - Phys.Rev. 121,511 (1962) 
Hyperfine Structure of Cs13.m 
S.G.Cohen, G.Gilat - Nuclear Phys. 38, 1 (1962) 
Hyperfine Interactions of the 2+ State in Dy160 
V.J.Ehlers, W.A.Nierenberg, H.A.Shugart - Phys.Rev. 125,2008 (1962) 
Nuclear Spin of Gallium-10 
V.J.Ehlers, H.A-Shugart - Phys.Rev. 121.529 (1962) 
Hyperfine-Structure Separations and Nuclear Moments of Gallium-68 
J.D.Faust - Bull.Am.Phys.Soc. 7. No.1, 476, MAS (1962) 
Hyperfine Structure of Rb 81 and Rb 82 

R.B.Frankel, P.R.Barrett, D.A.Shirley - Bull.Am.Phys.Soc. 7, No.9, 600, C6 
(1962 ) 

Quadrupole coupling in TelluriUm 
A.J.Freeman, R.E.Watson - Phys.Rev. 127, 2058 (1962) 
Theoretical Investigation of Some Magnetic and spectroscopic Properties of 

Rare-Earth Ions 
S."erstenkorn - Ann.phys. 7, 405 (1962) 
Determination au Moment Magnetique du Plutonium-239 
G.Goldring, Z.Vager - Phys.Rev. 127, 929 (1962); G.Goldring - Priv.Comm. 

(April 1972) 
Gyromagnetic Ratios of the 2+ States in Even Tungsten Isotopes 
L.S.Goodman, H.Kopfermann. K.Schlupmann - Naturwissenschaften 49, 101 (1962) 
A.C.Gossard, V.Jaccarino - Bull.Am.Phys.Soc. 1, No.8, 556, Y2 (1962) 
Pd 10S NMR: Absence of Antiferromagnetism in Palladium 
M.A.Grace, C.E.Johnson, R.G.Scurlock, R.T.Taylor - Phil.Mag. 7, 1087 (1962) 
Nuclear Alignment of Cerium Isotopes 
D.Halford - Phys.Rev. 121, 1940 (1962) 
Electron-Nuclear Double Resonance, Nuclear Moments. and [1'-3] of 

Neodymium-143 (III) and Neodymium-145 (III) in Lanthanum Trichloride 
W.W.Holloway, Jr •• E.1uscher. R.Novick - Phys.Rev. 126. 2109 (1962) 
Hyperfine structure of Atomic Nitrogen 

1043 

J. Phys. Chern. Ref. Data, Val. 5, No.4, 1976 



1044 

62Ju06 

62Ka 14 

6 2Ka 22 

62K h 03 

62Ko08 

62Ko 16 

6 2Ko 22 

62L a 0 1 

62La 24 
62La26 

62Li06 

62Lo01 

6 2Lo 12 

62Lu04 

62Ma42 

62Mc05 

62Me09 

621'1 uOI.! 

62Na14 

620n02 

62PeO 1 

62Pe07 

62Pe14 

62Pe21 

62Ph01 

62P i04 

62Prl0 

62Re02 

62Ri04 

62R i 11 

62Ro26 

62RyOl 

GLADYS H. FULLER 

B.R.Judd, C.A.Lovejoy, D.A.Shirley - Phys.Rev. 128, 1733 (1962) 
Anomalous Quadrupole coupling in Europium Ethylsulfate 
E.Karlsson, E.Matthias, S.Ogaza - Arkiv Fysik 22,257 (1962) 
The Gyromagnetic Ratio of the First Rotational State in Hf 176 

!1.Kalvius, U.Zahn, P.Kienle, H.Eicher - Z.Naturforsch. 17a, 494 (1962) 
Hyperfeinstruktur des 14,4 keV-Zustandes von Pe S7 , gebunden in verschiedenen 

E is encarbonylf>n 
J.M.Khan, N.Braslau, G.O.Brink - Bull.Am.Phys.Soc. 7, No.1. 416. MAlO (1962) 
Hyperfine-structure Separation in Rb 84 , CSIZ7, and CS1Z9 
L.A.Korostyleva - Opt.I Spektroskopiya 12, 611 (1962); Opt.Spectry.USSR 

(English Transl.) 12, 380 (1962) 
Hyperfine Structure and the Magnetic Moment of Plutonium 239 
A.V.Kogan. V.D.Kulkov, L.P.Nikitin, N.M.Reinov, M.F.Stelmakh, M.Schott -

Zhur.Ekspt1.i Teorot.Fiz. 43. 828 (1962); Soviet Phys.JETP 16, 586 (1963) 
Asymmetry of Beta Radiation from Nuclei Polarized in an Alloy 
V.S.KoroHov, I\.G.Makhanek - Opt.i spektroskopiya 12, 163 (1962); 

Opt.Spectry.USSR (English Transl.) 12,81 (1962) 
Gradients of Electric Fields set up by Electrons at the Sites of Atomic 

Nuclei 
R.H.Lambert, F.M.Pipkin - Bull.Am.Phys.Soc. 7, No.1, 26, FAa (1962) 
N15 Pressure Shifts 
R.F.Lacey - Quoted by 62Th15 
R.H.Lambert, F.ri.Pipkin - Phys.Rev. 128, 198 (1962) 
Hyperfine Structure of Atomic Phosphorus 
LLindgren - Nuclear Phys. 32, 151 (1962); Recalculation of Earlier Data 
Nuclear Magnetic Moments in the Rare Earth Region 
C.A.Lovejoy, D.A.Shirley - Nuclear Phys. 30, 452 (1962) 
Nuclear orientation of Tb 156 
O.V.Lounasmaa. P.R.Roach - Phys.Rev. 128,622 (1962) 
Specific Heat of Terbium Metal between 0.37 and 4.2oK 
A.Lurio - Phys.Rev. 126, 1168 (1962); Priv.Comm. (March 1963) 
Hyperfine Structure of the 3p States of Zn 67 and MgZ5 
E.Matthias, E.Karlsson, C.A.Lejefors - Arkiv Fysik 22, 139 (1962) 
Nuclear g-Factor of the 113 keV Rotational State in the Odd A Nucleus Hf177 
S.R.McGarvey - 13ull.Am.Phys.Soc. 1, No.1, 30, GA9 (1962) 
Paramagnetic Resonance of T1 3 + in Aluminum Acetylacetonate 
C.Menoud, J.Racine - Helv.Phys.Acta 35, 562 (1962) 
Maser a Hydrogene Atomique, Description et Resultats Preliminaires 
K.Murakawa - J.Phys.Soc.Japan 17, 891 (1962) 
Quadrupole coupling in the Hyperfine Structure of the Spectra of Ta I and Os 

I 
Q.O.Navarro, J.O.Rasmussen, D.A.Shirley - Phys.Letters 2, 353 (1962) 
Preferential Polar Emission in the Alpha Decay of Deformed Cf Z49 and EZ53 
K.Ono, A.Ito - J.Phys.Soc.Japan 17, 1012 (1962) 
A Mossbauer Study of the Internal Field at Fe S7 in a-FezOJ 
F.R.Peterson, H.A.Shugart - Phys.Rev. 125, 284 (1962) 
Nuclear Spin, Hyperfine Structure, and Nuclear Moments of 64-Hour Yttrium-90 
F.R.Petersen, H.A.Shugart - Phys.Rev. 126, 252 (1962) 
Nuclear Spin, Hyperfine Structure, and Nuclear Moments of 6.8-Day 

Lutetium-171 
S.Penselin, 'I'.Moran, V.W.Cohen, G.Winkler - Phys.Rev. 127,524 (1962) 
Hyperfine structure of the Electronic Ground states of EbBS and Rb 67 

F.R.Petersen, H.A.Shugart - Phys.Rev. 128, 1140 (1962) 
Nuclear Spins, Hyperfine Structures, and Nuclear Moments of Scandium-46 and 

ytt ri um- 9 1 
E.A.Phillips, L.Grodzins - Bul1.Am.Phys.Soc. 1, No.4, 359, ZA3 (1962) 
Quadrupole Moments of the First 2+ States of \oI18Z. W18 •• and \01186 
F.l'l.pipkin, R.R.Lambert - Phys.Rev. 127,181 (1962) 
Hyperfine Splittings of Hydrogen and Tritium. II 
R.S.Preston, S.S.Hanna, J.Heberle - Phys.Rev. 128, 2201 (1962) 
Mossbauer Effect in Metallic Iron 
A.H.Reddoch, G.J.Ritter - Phys.Rev. 126, 1493 (1962) 
Nuclear Magnetic Resonance of LU 175 

G.J.Ritter - Phys.Rev. 126, 240 (1962) 
Hyperfine Structure and Nuclear Moments of LU 175 
G.J.Ritter - Phys.Rev. 128, 2238 (1962) 
Ground-State Hyperfine structure and Nuclear Magnetic Moment of Thulium-169 
J.S.Ross, K.Murakava - Phys.Rev. 128, 1159 (1962); See Also 64Ro11 
Nucl~ar Quadrupole Moment of Yb 173 

A.Rytz. H.H.Staub, H.Winkler. W.Zych - Helv.Phys.Acta 35, 341 (1962) 
Absolute Precision Determination of Several Resonance and Threshold Energies 

and the a-Particle Energy of POZI0 
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62Sp03 I.J.Spalding, K.F.Smith - Proc.Phys.Soc. (London) 79, 787 (1962) 
Some Rare Earth Spins, and the Hyperfine Structure of 176Lu 

62Th15 P.Thaddeus, R.Novick - Phys.Rev. 126, 1774 (1962) 
Optical Detection of Level Crossing in the (5s5p) 3P t State of Cd lll and 

Cd l13 
62Wa03 E.L.Waters, A.H.Maki - Phys.Rev. 125, 233 (1962) 

Ti. 7 and Ti. g Hyperfine structure in the Electron Spin Resonance of Titanium 
(II I) Complexes 

62Wa07 W.T.Walter - Bull.Am.Phys.Soc. 7, No.4, 295 H16 (1962) 
Nuclear Orientation and Magnetic Moment of Hg197 

62Wa27 J.C.Walker - Phys.Rev. 127, 1739 (1962) 
Hyperfine structure and Nuclear Moments of Thulium-166 

62Wa30 H. Wal ther - Z. Physik 170, 507 (1962) 
Das Kernguadrupolmoment des Mn 55 

62Whl1 M.B.White - Thesis, univ.California (1962); UCRl-10321; Priv.Comm. (April 
1963) 

Hyperfine Structure and Nuclear Moments of Lu 176m, Br 8D • Br 80 m, and 1132 

62Wi10 R.t'l.Williams, J.W.McGrath - Phys.Rev. 121, 184 (1962) 
Ratio of the Electric Quadrupole Moments of Ba137 and BallS 

62Wy04 B.G.Wybourne - J.Chem.Phys. 37, 1807 (1962); Recalculation of Data of 
53Le22(Pr H l) and 62Go20(Ho165) 

62Ya06 H.K.Yahola, Ye.Ye.Bohatyrov - Ukrain.Fiz.Zhur.(USSR} 7, 145 (1962); 
Phys.lIbstr. 65, 1700, No.17489 (1962) 

63l\l06 S.S.!l.lpert - Phys.Rev. 129, 1344 (1963) 
Nuclear Moments and Hyperfine Structure of 13-Year EU 1S2 

63Ap01 H.lIppel, W.l'layer - Nucl.Phys. 43, 393 (1963) 
g-Factor Measurement on the First Excited State of Fe 56 Using Internal 

Mag netic Fields 
63Ba23 E.B.Baker. L.W.Burd - Rev.Sci.lnstr. 34.238 (1963) 

Frequency-Swept and Proton-Stabilized NMR Spectrometer for All Nuclei Using 
a Frequency synthesizer 

63Ba39 P.H.Barrett, D.1I..Shirley - Phys.Rev. 131. 123 (1963) 
Hyperfine structure in Europium Metal 

63Be16 C.Berthelot - ,i.Phys. 24,69 (1963) 
Moments Magnetiques Nucleaires du Plutonium 23q et 241 

63Be46 H.J.Behrend, D.Budnick, K.Huber - Ann.Physik 11, 372 (1963) 
Bestimmung von Quadrupolkopplungskonstanten des Kerns Tantal-181 im 

ds/z-Zustand in Einkristallfeldern durch Messung der Gestorten r-r 
linkelkorrelation und der Zirkularen Polarisation 

638124 B. Bleaney - J.Appl.Phys. 34, 1024 (1963) 
Hyperfine Interactions in Rare-Earth Metals 

638125 B.Bleaney - Proc.Intern.congr. Quantum Electronics, 3rd, Paris, France, 
(1963); P.Grivet, N.Bloembergen, Ed., Columbia University Press, New York, 
Vol.I, p.595 (1964) 

Nuclear Moments of the Lanthanons 
638127 W.E.Blumberg, J.Eisinger, S.Geschwind, J.P.Remeika -

Proc.Intern.Conf.Paramagnetic Resonance, 1st, Jerusalem (1962). W.Lov, 
Ed., Academic Press, Nell York., Vol.l, p.125 (1963) 

Paramagnetic and Endor Spectrum of Cu J + in A1 2 0 3 
638009 E.C.O.Bonacalza. G.B.Holm - Phys.Letters 4,343 (1963) 

Measurement of the g-Factor of the 247 keY State in Cd lll with the 
Differential Method 

638026 E.Bodenstedt, G.Strube, I.Engels, H.Blumberg, R.-M.Lieder, E.Gerdau -
Phy s. Letters 6, 290 (1963) 

The Magnetic Moment of the 66 keY State of AS73 and the Angular Correlation 
of the 359 keV-66 keY rr-Cascade 

638u13 H.Bucka. H.Kopfermann. M.Rasiwala, H.Schussler - Z.Physik 176,45 (1963) 
Zum KerTIquadrupolmoment von Rb87 

638u14 B.Budick, R.Marrus - Phys.Rev. 132, 723 (1963) 
Hyperfine structure and Nuclear Moments of Promethium-147 and Promethium-151 

63By02 F.W.Byro!'."lr., M.N.McDermott, R.Novick - Phys.Rev. 132, 1181 (1963) 
spin and Nuclear Moments of 6.7-Hour Cd 107 

63Ca05 J.lI.Cameron. R./;.Summers-t;ill - Can.J.Phys. 41, 823 (1963) 
The Spin of ITIdiurn 117 

63Ch12 W.J.ChHds, L.S.Goodman - Phys.Rev. 131.245 (1963) 
Nuclear Spin and Magnetic Hyperfine Interaction of 12-Day Ge 71 
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A.Winnacker, H.~ckermann, D.Dubbers, J.Mertens, P.von Blanckenhagen -

Z.Phys. 244, 289 (1911) 
Relaxation Phenomena and Nuclear Magnetic Resonance of 116In (T 1 / 2=14sl 

Produced by Capture of Polarized Neutrons in the Indium III-V Compounds 
R.L.Williams,Jr., R.C.Haskell, 1.Madansky - Bull. Amer.Phys.Soc. 16, No.12, 

1417, FF5 (1971) 
Observation of Quadrupole splitting of 12B in a Single Crystal 
Use Reference 13Ac03 
K.-E.Adelroth, C.Ekstrom - Nucl.Phys. A198, 380 (1972) 
Hyperfine Structure and Nuclear Moments of 166Tm 
A.Aoki, T.Seo, T.Tomiyama - Contrib.lnt.Conf.Nuclear Moments and Nuclear 

Structure, Osaka, Japan, p.187 (1972) 
The g-Factor of the 133 keY Excited State of 13lCS 
R.Avida, I.Ben-Zvi, G.Goldring, S.S.Hanna, P.N.Tandon, Y.Wolfson -

Nucl.Phys. A182, 359 (1972) 
Magnetic Moment of the First Excited State of lOB 
P.Bacon, G.Kaindl, H.-E.Mahnke, D.A.Shirley - Phys.Rev.1ett. 28, 720 (1972) 
Nuclear Magnetic Resonance on Oriented Platinum-195m in Iron 
Use Reference 13Ba84 
Use Reference 73Ba83 
Use Reference 73Ba82 
A.R.Barnett, S.F.Biagi, D.K.Olsen, H.R.Phillips - Contrih.lnt.Conf.Nuclear 

Moments and Nuclear structure, Osaka, Japan, p.20S (1572) 
Coulomb Excitation of 20epb with Heavy Ions 
A.J.Becl<:er, K.S.Krane, R.M.Steffen - Bull.Amer.Phys.Soc. 17, No.1, 138, KE1 

(1972) 
Perturbations on Thulium-169 Nuclei in Implanted Sources in Iron 
Use Reference 73Be69 
Use Reference 73Be10 
Use Reference 73Be71 
Use Reference 138112 
J.Bonn, G.Huber, H.-J.Kluge, L.Kugler. E.W.Otten - Phys.Lett. 38B, 308 

(1972) 
Sudden Change in the Nuclear Charge Distribution of Very Light Mercury 

Isotopes 
Use Reference 73B053 
Use Reference 73Br31 
R.C.Chopra, P.N.Tandon - Contrib.lnt.Conf.Nuclear Moments and Nuclear 

Structure, Osaka, Japan, p.229 (1912) 
Magnetic Moment of the 265 keV 3/2- Level in 75As 
S.Chang, C.Tai, W.Happer, R.Gupta - Bull.Amer.Phys.Soc. 17, No.4, 475, BM6 

(1972) 
Cascade-Decoupling Measurements of the Hyperfine structure of the 52D3/2 

State of Rb85 and Rb Bl 

D.Cline, P.Jennens, C.W.Towsley, H.S.Gertzman - Contrib.lnt.Conf.Nuclear 
MomEnts and Nuclea r structure, Osaka, Japan, p.213 (1912) 

The Static Quadrupole Moments of the First Excited States of 14BSm. 15DSm 
and 152Sm 
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R.Coussement - Priv.Comm. (March 1972) 
W.Dankwort, J.Ferch, S.Penselin - Priv.Comm. (1972) 
16-Pole-Interaction in Hol65 and Dy161,163 
C.Ekstrom. S.Ingelman. B.Wannberg. I.-L.Lamm - Phys.Lett. 39B, 199 (1972) 
Nuclear Ground State Spin of 167Lu 
C.Ekstrom, S.Ingelman, M.Olsmats. B.Wannberg - Nucl.Phys. A194, 237 (~972) 
Hyperfine Structure and Nuclear Moments of 161Er and 163Er 
C.Ekstrom, S.Ingelman, M.Olsmats, B.Wannberg. G.Andersson, A.Rosen -

Nucl.Phys. 11196. 178 (1972) 
Nuclear spins of Neutron-Deficient Pr and Nd Isotopes 
C.Ekstrom, S.Ingelman, M.Olsmats, B.Wannberg - Phys.Scr. 6, 181 (1972) 
Nuclear Spins of Neutron-Deficient Promethium, Samarium, Europium and 

Gadolinium Isotopes 
Use Reference 73Fa16 
T.Faestermann, F.Feilitzsch, K.E.G.Lobner, C.Signorini. T.Yamazaki, 

C.V.K.Baba, D.B.Fossan - Contrib.lnt.Conf.Nuclear Moments and Nuclear 
Structure, Osaka, Japan, p.139 (1912) 

Lifetime and g-Factor of the 1065-keV (15/2-) State in 211pO 
J.Ferch - Thesis, Univ.Bonn (1972); Quoted by 72Ro36 
II.Fischer, H.Huhnermann. K.Mandrek, H.Ihle - Phys.Lett. 40B, 81 (1972) 
Optical Determination of the Quadrupole Moment of [38La 
II.Fischer, H.Huhnermann. K.Mandrek - Z.Phys. 254, 121 (1972) 
optical Determination of the Nuclear Moments of 137La 
Use Reference 13F021 
H.M.Gibbs - Priv.Comm. (April 1972) 
G.Goldring. D.II..Hutcheon, W.L.Randolph. D.F.H.Start, M.E.Goldberg, M.Popp -

Phys.Rev.Lett. 28, 763 (1972) 
Hyperfine Interactions of the First Excited 2+ State of 180 in 7+ and 6+ 

Ions 
L.S.Goodman. H.Diamond, H.E.Stanton - Priv.Comm. (July 1972) 
Nuclear and Atomic Moments and Hyperfine-Structure Parameters of 253Es and 

254 m-Es 
L.Grodzins - Priv.Comm. (July 1972) 
R.Gupta, S.Chang, W.Happer - Bull.Amer.Phys.Soc. 17, No.4, 476, BM7 (1972) 
Radio Frequency Spectroscopy in the 7 25 1 / z State of Rb 85 and Rb B7 
R.A.Haberstroh, T.I.Moran, S.Penselin - Z.Phys. 252, 421 (1972) 
Direct Measurement of the Nuclear Magnetic Dipole Moment of H0165 with The 

Atomic Beam Magnetic Resonance Method 
Use Reference 73Ha73 
Use Reference 738a74 
Use Reference 73Ha7i 
Use Reference 73Ha72 
R.Hensler - Priv.Comm. (July .972) 
Use Reference 73He32 
G.K.Hubler. H.\'i.Kugel, D.E.Murnick - Phys.Rev.Lett. 29,662 (1972) 
Magnetic Moment of the 1.409-MeV 2+ state of 54Fe 
H.Ingwersen, W.Klinger, G.Schatz, W.witthuhn, R.Maschuw -

Contrih.lnt.Conf.Nuclear Moments and Nuclear Structure, Osaka, Japan, 
p.161 (1972) 

Measurement of the g-Factor of the 21/2- State in z~lAt 
K.Johansson, E.Karlsson, L.-o.Norlin, R.A.Windahl, M.R.Ahmed - Nucl.Phys. 

A 188, 600 (1972) 
g-Factor Experiments on the First Excited 2+ States in 102Ru, 106Pd and 

110 Cd 
W.R.Johnson - Priv.Comm. (April 1972) 
Internal Diamagnetic Fields in Free Atoms 
E.Karlsson - Priv.Comm. (April 1972) 
Use Reference 73Ke28 
A.M.Kleinfeld, G.Maggi. W.Werdecker - Contrib.lnt.Conf.Nuclear Moments and 

Nuclear Structure, Osaka, Japan. p.221 (1972) 
Measurements of the Quadrupole Moments of 124.126,128Te 
Use Reference 73K117 
K.S.Krane, J.R.Sites, W.A.Steyert - Phys.Rev. C5. 1104 (1972) 
Nuclear. structure and Parity Mixing in the Decays from Oriented 182Ta 
K.S.Krane, W.A.Steyert - Phys.Rev. C6, 2268 (1972) 
Nuclear Orientation Study of the Decays of 126.127.12BSb 
K.S.Krane, C.F..Olsen, W.A.Steyert - Nucl.Phys. A191, 352 (1972); Erratum 

Nucl.Phys. A224, 596 (1974) 
Nuclear orientation and Parity-Mixing Studies of the Decays of 171Er and 

169,175Yb 
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NUCLEAR SPINS AND MOMENTS 

H.W.Kugel, R.R.Borchers, R.Kalish - Nucl.Phys. A186, 513 (1972) 
Magnetic Moment Measurements of the First (2+) and Second (4+) States of 

Even Nd and Sm Nuclei 
T.V.Ledebur, R.Eichler - Contrib.Int.Conf.Nuclear Moments and Nuclear 

structure, Osaka, Japan, p.89 (1912) 
Measurement of the g-Factor of the 188 keV Level in 125I Using a 

High-Density Gaseous Source 
J.W.Lightbody, Jr. - Phys.Lett. 38B, 415 (1912) 
Electron Scattering from One- and Two-Phonon Vibrational States 
K.H.Maier, K.Nakai, J.R.Leigh, R.M.Diamond, F.S.Stephens - Nucl.Phys. A186, 

97 (1972) 
Stroboscopic Measurement of the g-Factors of the 7- Isomer in 206Pb and the 

21/2+ Isomer in 207Bi 
J.Menet, P.De Saintignon, J.M.Loiseaux, A.Boudard - Phys.Lett. 40B, 192 

(1972) 
g-Factor of an Isomeric Level in 117Sb 
G.Merzyn, S.Penselin, G.li'olber - Z.Phys. 252, 412 (1972) 
The Hyperfine Structure of the Ground State of HOl6S 
R.W.tiebs, G.C.Carter, B.J.Evans, L.R.Bennett - Solid state Commun. 10, 769 

( 1972) 
NMR Chemical Shifts in Cuprous Salts: The Magnetic Moment of eu 
Use Reference 73Mi26 
Use Reference 73Mi25 
T.Miyokava, I.Katayama, S.Morinobu, H.lkegami - Contrib.lnt.Conf.Nuclear 

Moments and Nuclear Structure, Osaka, Japan, p.241 (1972) 
The Magnetic Moment of the 4+ Ground-Rotational State in 166Er 
G.W.Moe, M.N.McDermott - Bull.Amer.Phys.Soc. 17, No.1, 150, KJ8 (1912) 
Level Crossing Measurements in the 52P3/Z state of l09Ag 
Use Reference 73Na33 
Use Reference 73Na31 
Use Reference 73Na34 
L.Niesen. W.J.Huiskamp - Physica 57, 1 (1972) 
Nuclear Magnetic Resonance on oriented Nuclei in a Dilute Paramagnetic 

cry stal; 57CO, S8CO and 60CO in La z Mg 3 (NO;)) 12 .24H 20 
A.K.Nigam, R.Bhattacharyya - Nucl.Phys. A181, 298 (1972) 
Measurement of the Gyromagnetic Ratio of the 316 keV 7/2+ State of 169Tm 
E.W.Otten - Contrib.Int.Conf.Nuclear Moments and Nuclear structure, Osaka, 

Japan. p.36 (1972) 
Determination of Nuclear Spin. Moments and Charge Volume Far from Stability 

by Optical Pumping 
S.Penner, J.W.LightbodY.Jr. - Priv.comm. (1972) 
Program Committee, Eds. - Contrib.Int.Conf.Nuclear Moments and Nuclear 

Structure, Osaka, Japan (1972) 
R.S.Raghavan, P.Raghavan - Phys.Rev.Lett. 28. 54 (1912) 
Quadrupole Moment of the 660-keV 'Rotational' Level of lllIn 
Use Reference 73Ril1 
R.Rougny, M.Meyer-Levy, I.Berkes, G.Lhersonneau. A.Troncy -

contrib.Int.Conf.Nuclear Moments and Nuclear Structure, Osaka, Japan, 
p.219 (1972) 

Electromagnetic Properties of 2+ and 2+' States of 192,194,196Pt 
A.Rosen, H.Nyqvist - Phys.Scr. 6, 24 (1972) 
Hyperfine Structure Investigation of 153Dy, lS5Dy and 157Dy 
A.Rosen - Phys.Scr. 6, 37 (1972) 
Hyperfine structure Analysis for the Ground Configuration of Bismuth 
Use Reference 73Sc36 
Use Reference 13Sc38 
T.Seo, T.Hayashi - Contrib.Int.Conf.Nuclear Moments and Nuclear Structure, 

Osaka, Japan, p.239 (1972) 
The Magnetic Moments of the Kw = 2- Band in 182W 
D.A.shirley - Priv.Comm. (.January 1972) 
R.E.Silverans, R.Coussement, G.Dumont. H.Pattyn, I.Vanneste - Nucl.Phys. 

A 19 3. 367 (1972) 
Magnetic Moment of the 11/2- Isomer of lzsTe 
R.E.silverans, R.Coussement. E.Schoeters, L.Vanneste -

Contrib.Int.Conf.Nuclear Moments and Nuclear Structure, Osaka, Japan, 
p.231 (1972) 

Magnetic Moments of 127g-Te and 129g-Te 
Use Reference 73Su09 
C.W.Towsley, D.Cline, R.N.Horoshko - contrib.Int. Conf. Nuclear Moments and 

Nuclear Structure, Osaka, Japan, p.189 (1912) 
Measurements of Quadrupole Deformation in 50,SZ,S4Cr 
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C.W.Towsley, R.Cook, D.Cline, R.N.Horoshko - Contrib.lnt.Conf.Nuclear 
Moments and Nuclear Strudture. Osaka. Japan. p.209 (1972): Priv.Comm. 
(August 1973) 

Measurement of the Shapes of 130,13.,136Ba 
L.Vanneste, R.Coussement, G.Dumont. H.Pattyn, E.Schoeters, R.E.Silverans -

Contrib.lnt.Conf.Nuclear Moments and Nuclear Structure, Osaka. Japan, 
p.235 (1972) 

Study of the Magnetic Moments of the Tellurium Iscmers by Nuclear 
orientation 

L.Vanneste, R.E.Silverans, E.Schoeters. B.Rubel, C.Gunther -
Contrib.lnt.Conf.Nuclear Moments and Nuclear Structure, Osaka, Japan, 
p.233 (1912) 

Magnetic Moments of 183Re, lS.Re and 18.m-Re Measured by Nuclear Orientation 
Y.Yamazaki, s.Nagarniya, T.Nomura. K.Nakai, T.Yamazaki -

Contrib.lnt.Conf.Nuclear Moments and Nuclear Structure, Osaka, Japan, 
p.1S3 (1972) 

Magnl? tic Moment of t he Core Excited Isomer of [ (1T h2 C}1 z) 8+ x 5- (2 08Pb)] B
in ?10PO 

M.M.Abraham. L.A.Boatner, C.B.Finch, R.W.Reynolds, W.P.Unruh - Phys.Lett. 
44A, 527 (1973) 

EPR Determination of the Nuclear Spins and Magnetic Moments of Z43Crn And 
Z.7Cm 

H.Ackermann, D.Dubbers, M.Grupp, P.Heitjans. G.zu putlitz, H.-J.Stockmann -
Proc. Int. Conf .Nuclear Moments and Nuclear Structure, Osaka, Japan (1972), 
H.Horie. K.Sugimoto, Eds., p.21S (1973); J. Phys.Soc.Jap. 34 Suppl. (1913) 

Nuclear Electric Quadrupole Moment of the ~-Emitter zOF 
G.Andersson, A.Rosen - Priv.Comm. (September 1973) 
C.V.K.Baba, D.B.Fossan. T.Faestermann. F.Feilitzsch. P.Kienle. C.Signorini -

Proc.Int.Conf.Nuclear Moments and Nuclear Structure, Osaka. Japan (1972), 
H.Horie. K.Sugimoto, Eds •• p.239 (1913); J.Phys.Soc.Jap. 34 Suppl. (1913) 

g(1Th ZC}/z. J) Difference for: 6+ 1 and 8+, States in 210PO 
F.Bacon, G.Kainnl, H.-E.Mahnke, D.A.Sbirley - Proc.lnt.Conf.Nuclear Moments 

ann Nuclear Structure, Osaka, Japan (1972), H.Hor:ie, K.Sugimoto, Eds., 
p.243 (1913); J.Phys. Soc.Jap. 34 Suppl. (1913) 

Magnetic Moments of the 12- states in 196,198,2ooAu 
C.V.K.Baba, D.B.Fossan. T.Faestermann, F.Peilitzsch, M.R.Maier, P.Raghavan. 

R.S.Raghavan, c.signorini - Proc.lnt.Conf.Nuclear Moments and Nuclear 
Structure, Osaka. Japan (1972), H.Horie, K.sugimoto, Eds., p.260 (1973); 
J.Phys.Soc.Jap. 34 Supp!. (1913) 

g and T Results for High-Spin Isomers in 91Nb and 91Zr 
Z.Berant, G.r,oldring, M.Hass, Y.S.Horovitz - Proc.lnt.Conf.Nuclear Moments 

and Nuclear Structure, Osaka, Japan (1912), H.Horie, K.Sugimoto, Eds •• 
p.1eS (1973); J.Phys. Soc.Jap. 34 Suppl. (1973) 

The Magnetic Moment of the 3-. 5.83 MeV Level in I.N and the Blume-Scherer 
Model of PAC in Gas with an Arbitrary Correlation Time 

H.Bertschat, B.Haas, W.Leitz, U.Leithauser, K.H.Maier. H.-E. Mahnke, 
E.Recknagel, W.Semmler, R.Sielemann, B.Spellmeyer. T.Wichert -
Proc.Int-Conf. Nuclear Moments and Nuclear Structure, Osaka, Japan (1912), 
H.Horie, K.Sugimoto, Eds., p.217 (1973); J.Phys.Soc.Jap. 34 Suppl. (1973) 

Magnetic Moments of Excited 9/2+ States Around A == 70 Experimental Values 
for 67Zn and 67Ge 

H.Bertschat, H.Kluge, U.Leithauser, E.Recknagel. B.Spellmeyer -
Proc.Int.Conf.Nuclear Moments and Nuclear Structure, Osaka Japan (1912), 
H.Horie, K.Sugimoto, Eds •• p.258 (1973); J. Phys. Soc.Jap. 34 Supple (1973) 

Magnetic Moment and Half Life of the 215-keV, 3+ State in ?ZAs 
J.Bleck, R.Butt, K.H.Lindenberger. W.Ribbe, W.Zeitz - Proc.Int.Conf.Nuclear 

Moments and Nuclear Structure, Osaka, Japan (1972), H.Horie, K.Sugimoto, 
Eds., p.254 (1913); J.Phys. Soc.Jap. 34 Suppl. (1973, 

Magnetic Moments of Isomeric 6- states in 64CU and 66CU 
M.Borsaru, B.Herskind, R.Kalish, K.Nakai - Proc.Int.Conf.Nuclear Moments and 

Nuclear Structure, Osaka, Japan (1912), H .Hor ie, K. Sugimoto, Eds., p. 26 2 
(1973); J.Phys.Soc.Jap. 34 Suppl. (1913) 

The g-factors of High Spin Isomeric States in 11.Sn and 118Sn 
N.Brauer. A.Goldmann, J.Hadijuana, M.v.Hartrott, K.Nishiyama, D.Quitmann, 

D.Riegel. W.Zeitz - Proc.Int.Conf.Nuclear Moments and Nuclear Structure, 
Osaka, Japan (1912), H.Horie, K.sugimoto, Eds., p.2S1 (1913); 
,J.Phys.Soc.Jap. 34 Supple (1973) 

Magnetic Moments of [ (1Th q / z ) Z ]8+ States in Z06PO and zO·Po 
S.Buttgenbach, M.Herschel, G.Keisel. E.Schrodl. W.Witte, W.J.Childs -

Z.Phys. 263, 341 (1973) 
Hyperfine structure Investigations in the .PC}/z Atomic Ground State of lqllr 

and 193Ir 
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NUCLEAR SPINS AND MOMENTS 

S.Buttgenbach, ~.Herschel. G.Meisel, E.Schrodl, W.Witte - Z.Phys. 260, 157 
(1973) 

Ground State Hyperfine structure and Nuclear Magnetic Dipole ~oments of 
177 Hf and 179Hf 

E.R.Cohen, B.N.Taylor - J.Phys.Chem.Ref.Data 2, 663 (1973) 
The 1973 Least-Squares Adjustment of the Fundamental Constants 
V.W.Cohen - priv.Comm. (December 1973) 
V.W.Cohen - Priv.Comm. (December 1973) 
C.Ekstrom - Priv.Comm. (September 1973) 
T.Faestermann. F.Feilitzsch, R.S.Raghavan, c.signorini. T.Yamazaki. 

C.V.K.Baba, D.B.Fossan. D.Proetel - Proc.lnt.Conf.Nuclear Moments and 
Nuclear Structure, Osaka, J~pan (1972). H .Horie, K. Sugimoto, Eds., p.261 
(1973); J.Phys.Soc.Jap. 34 Suppl. (1973) 

g-Factor Measurement of the 2953-keY State in 94Mo 
H.Figger. G.Wolber - Z.Phys. 264, 95 (1973) 
Precision Measurement of the Hyperfine Structure of LUllS with the Atomic 

Beam Magnetic Resonance Method 
B.Focke, A.Goldmann, M.v.Hartrott. K.Nishiyama, D.Riegel -

Proc.lnt.Conf.Nuclear Moments and Nuclear Structure, Osaka, Japan (1972), 
H.Horie, K.Sugimoto, Eds., p.282 (1973); J. Phys.Soc.Jap. 34 Suppl. (1973) 

Magne tic Moment of the 13/2+, 47 /Js State in 207PO 
K.P.Gopinathan, A.P.Agnihotry, S.B.Patel, M.S.Bidarkundi -

Proc.lnt.Conf.Nuclear Moments and Nuclear Structure, Osaka, Japan (1972), 
H.Horie, K.Sugillloto, Eds., p.430 (1973); J.Phys.Soc.Jap. 34 Suppl. (1973) 

Electromagnetic Properties of the 249.7 keY Level in 177Hf 
R.C.Haskell, L.Madansky - Proc.lnt.Conf.Nuclear Moments and Nuclear 

Structure, Osaka, Japan (1972), H .Horie, K. sugimoto, Eds •• p.167 (1973); 
J.Phys. Soc.Jap. 34 Suppl. (1973) 

A Value for the Ratio of Q(12B) to Q(13E) Deduced from Quadrupole couplings 
in a Mg Single Crystal 

H.Haas, W.Leitz, H.-E.Mahnke. W.Semmler, R.Sielemann, T.Wichert -
Proc.lnt.Conf.Nuclear Moments and Nuclear Structure, Osaka. Japan (1972). 
H.Horie, K.sugimoto, Eds., p.221 (1973); J.Phys.Soc.Jap. 34 Supp!. (1973) 

Quadrupole Interactions of Ge-Nuclei in Zn and Ga Follcwing Nuclear 
Reactions 

O.Hashimoto, T.Nomura, T.Yamazaki. K.Miyano, ~.Ishihara -
Proc.Int.Conf.Nuclear Moments and Nuclear Structure, Osaka, Japan (1972), 
H.Horie, K.Sugimoto, Eds., p.259 (1973); J.Phys. Soc.Jap. 34 Suppl. (1973) 

~agnetic Moment of the 8" [ (lIg9/2)-2] State in USr 
O.HashimotQ, A.Sumi. T.Nomura, S.Nagamiya, LNakai, T.Yamazaki, K.Miyano -

Proc.lnt.Conf.Nuclear Moments and Nuclear Structure, Osaka, Japan (1972), 
H.Horie, K.Sugimoto. Eds., p.269 (1973); J.Phys.Soc.Jap. (1973) 

The g Factor of the 7+ Isomeric state in 202Tl 
P.Heubes, H.lngwersen. H.G.Johann, i.Klinger, W.Lampert, W.Loeffler, 

G.Schatz, W.Witthuhn - Proc.lnt.Conf.Nuclear Moments and Nuclear 
Structure, Osaka, Japan (1972), H.Horie. K.Sugimoto, Eds., p.264 (1973); 
J.Phys.Soc.Jap. 34 Suppl. (1973) 

The Magnetic Moment of the 1.8 ~s State in 122Sb 
S.Ingelman, C.Ekstrom. M.Olsmats, B.Wannberg - Phys.Scr. 7, 24 (1973) 
Nuclear spins of Neutron-Deficient Lanthanum and Cerium Isotopes 
R.G.Kerr, R.D.Larsen, W.R.Lutz. J.A.Thomson, R.P.Scharenberg -

Proc.lnt.Conf.Nuclear Moments and Nuclear structure, Osaka, Japan (1972), 
H.Horie. K.Sugimoto, Eds., p.144 (1973); J.Phys. Soc.Jap. 34 Supp!. (1973) 

Exper imental Foundations of the Reorientation Effect 
B.Kl~mme, H.Miemczyk - Proc.lnt.Conf.Nuclear Moments and Nuclear structure, 

Osaka, Japan (1972), a.Horie, K.Sugimoto, Eds., p.265 (1973); 
J.Phys.Soc.Jap. 34 Suppl. (1973) 

The Electric Quadrupole Moment of the 2.083 MeV State of 140Ce Derived From 
a TDPAC-Measurement 

K.S.Krane, C.E.Olsen, W.A.Steyert - Phys.Rev. C7, 263 (1973) 
Parity Mixing and the Nuclear structure of 183,184W and Nuclear Spin-Lattice 

Relaxation Following the Decays of Oriented 183,184g, 184m-Re 
T.R.Miller, P.D.Bond. W.A.Little, S.M.Lazarus, M.Takeda, G.D.Sprouse, 

5.S.Hanna - Proc.Int.Conf.Nuclear Moments and Nuclear structure, Osaka. 
Japan (19'12), H.Horie, K.Sugimoto, Eds., p.l07 (1973); J.Phys.Soc.Jap. 34 
Supple (1973) 

Magnetic Moments of Short-Lived States by Use of a Stopper in the 
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